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Sewage Works 


DESIGN OF SEWERS TO FACILITATE FLOW 


By Tuomas R. Camp 


Consulting Engineer, Boston, Mass. 


This paper on the hydraulic design of 
sewers has the double purpose of em- 
phasizing an important subject which 
has long been neglected in the technical 
press of sewage works engineers and of 
bringing to the attention of sewer de- 
signers some recent developments in 
fluid mechanics which influence the 
design of sewers. The paper will be 
confined to hydraulic design and no con- 
sideration will be given to methods of 
estimating discharge rates for either 
sanitary sewers or storm drains other 
than to emphasize the fact that suc- 
cessful design depends upon careful esti- 
mates of rates of discharge. It will, of 
course, be impossible to discuss the 
hydraulic design of all the numerous 
special types of structures involved in 
sewerage systems, but brief mention will 
be made of some of them which occur 
most frequently. The paper will be 
limited to the treatment of sewers of 
circular cross section, and no considera- 
tion will be given to structural design or 
to the relative merits of materials used 
for sewer construction. 

Functional Considerations 

A sewer has two main functions, 
namely, (1) to carry the maximum dis- 
charge for which it is designed, and (2) 
to transport suspended solids in such a 


manner that deposits in the sewer and 
odor nuisances therefrom are kept to a 
minimum. The first of these functions 
requires that an accurate estimate be 
made of the peak flow which the sewer 
must carry, and the second function re- 
quires that the designer have informa- 
tion as to the fluctuation of discharge 
during periods of low flow and as to the 
character of the suspended matter to be 
transported. 

For the design of sanitary sewers and 
sewage works the rates of discharge are 
significant as shown below in Table 1. 
The average daily flow, C and D in the 
table, is the average 24-hour discharge 
during a period of one year, knowledge 
of which is essential for estimates of 
cost of operation of sewage treatment 
works and pumping stations and for the 
determination of economic pipe sizes for 
force mains. Values for C and D have 
no significance in the design of lateral 
sewers, except that they are useful in 
estimating the minimum and peak flows. 
The minimum daily flow is the mini- 
mum 24-hour discharge which occurs 
during the year of consideration, and 
the maximum daily flow is the maxi- 
mum 24-hour discharge which occurs 
during the year considered. The maxi- 
mum and minimum daily flows at the 
end and beginning of the design period, 


TABLE 1 
Extreme Minimum Average Maximum Poak 
Minimum Daily Daily Daily 
Beginning of Design Period. . A B C 
D 1D) F 


End of Design Period. . . 








4 SEWAGE WORKS JOURNAL 


E and B, respectively, are of value in 
determining treatment plant capacities 
and the number of treatment units. 
The peak flow determines the hydraulic 
capacity of sewers and treatment plant 
conduits, as well as pump capacities. 
The extreme minimum flow considered 
together with the minimum daily flow 
is significant for the design of sewers to 
insure proper cleansing.xy 

The variation of flow of sewage 
throughout a day will usually follow a 
curve such as Figure 1, except for small 
laterals. The shape of the curve will, 
of course, vary from day to day and will 
be different for different sewers and 
different localities. Figure 1 is hypo- 
thetical only and applies to no particular 
sewer. For a_ particular sewer the 
shape of the curve during the early part 
of the design period is significant in 
order to design the sewer for self- 
cleansing velocities. If, for example, 
Figure | represents the day on which 
the flow isa minimum and computations 
indicate that during the night hours the 
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velocity in the sewer is low enough to 
permit deposits, it is essential that the 
velocity during the remainder of the 
day be of sufficient magnitude and 
duration to clean out all the sediment 
previously deposited. 

For any one day, the ratio of the peak 
flow to the average for the day will 
range from less than 130 per cent for 
some large sewers to more than 200 pec 
cent for some laterals. Moreover, the 
ratio of the maximum daily flow at the 
end of the design period to the mini- 
mum daily flow at the beginning of the 
design period may range from less than 
200 per cent to more than 500 per cent, 
depending largely upon the rate of 
growth of the area served by the sewer. 
Hence the range of flows for which a 
sewer must be designed, that is, peak 
flow to extreme minimum, will vary 
from less than 3 to 1 for large sewers 
serving stable populations to more than 
20 to 1 for small sewers serving growing 
populations. 

The fact that a single sewer must be 
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FIGURE 1.—Hourly variation of sewage flow. 
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designed to keep itself clean over such 
wide variations in discharge militates 
against the general use of pressure 
sewers. A velocity of about 2 f.p.s. is 
required for self-cleansing. Sewers are 
commonly designed to flow partially full 
with the hydraulic grade line sub- 
stantially parallel to the invert at all 
rates of flow. Since the depth and the 
cross-sectional area increase with the 
discharge, the variation in velocity is 
considerably less than the variation in 
discharge rates and scouring velocities 
may be obtained at low flows without 
excessive velocities at peak flows. 

It is occasionally necessary to design 
sewers to flow under pressure, as in the 
case of force mains and so-called in- 
verted siphons. If a scouring velocity 
is provided at minimum flow in a pres- 
sure sewer, the maximum velocity at 
peak flow will be 3 to 20 times as great 
or 6 to 40 f.p.s. and the slope of the 
hydraulic grade line will be increased 
9-fold to 400-fold. In the case of in- 
verted siphons, the head is not usually 
available for so great a slope of the 
hydraulic grade line; and it has become 
common practice to provide two or 
more parallel pipes in order to divide 
the flow at high rates. It is possible 
with such a structure to maintain a 
scouring velocity in one of the pipes, 
but the other pipes will contain stag 
nant sewage much of the time which 
may be a source of odor nuisance. Ifa 
pressure sewer is required and sufficient 
head is not available for peak flows in a 
single pipe small enough to insure scour- 
ing at low flows, it is best to resort to 
pumping. If pumps are used, the ve- 
locity in the force main when the 
pumps are in operation should be suffi- 
cient to scour the pipe; that is, about 
3 f.p.s. 

For economy, sewers are commonly 
laid at a depth just sufficient to inter- 
cept the house sewers from the lowest 
buildings and the lowest branch sewers. 
Where no house sewers or branches are 
required to be intercepted, the depth is 
dictated by the requirements of cover or 
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by fixed elevations required of one or 
both ends of the sewer. The slope of a 
sewer is thus usually determined by the 
topography, and the size is computed 
after the slope is fixed. 

In regions where the slope of the 
ground is very flat, however, it may be 
necessary to lay sewers at slopes greater 
than the ground slope, even if pumping 
is required, or to use sizes larger than 
ordinarily required in order to insure 
self-cleansing. In some cases the use of 
a larger size sewer will result in an 
increased velocity at minimum flow. - 

Storm drains are usually designed to 
carry the tributary storm water runoff 
for a particular frequency of recurrence. 
Since the minimum flow for a storm 
drain is usually zero, the size and slope 
of the drain should be such as to secure 
scouring velocities with moderate rain 
storms. Deposits in storm drains do 
not ordinarily result in nuisance, but 
they should not be permitted to ac- 
cumulate so as to impair the capacity of 
the drains. Since the sediment to be 
carried by storm drains is mostly of a 
granular mineral nature, the particles of 
which have a greater density than sew- 
age particles, greater velocities are re- 
quired for scour than with sanitary 
sewers. It is general practice to design 
storm drains so that the full velocity 
will be not less than 2.5 to 3 f.p.s. 

Combined sewers should be large 
enough to carry the desired flood runoff 
and should likewise have velocities at 
minimum dry weather flows which are 
adequate for self-cleansing. Since the 
range from minimum to maximum flow 
is usually very great for a combined 
sewer, it is virtually impossible to insure 
self-cleansing at low flows. Hence, in 
modern design, separate systems are 
usually required for sanitary sewage 
and storm water. 


Determination of Size of Sewers 
For a given slope and peak flow, the 


size of sewer required is usually de- 
termined in American practice by means 
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of the so-called Kutter equation 


1.811 0.00281 


41.66 + —— + — 
“ae n s RS 
ae 0.00281 \\ n ‘*™ 
1+ { 41.66 + — 
A VR 
in which V = the mean velocity in f.p.s. 


a] . 
a? where Q is the 


discharge in c.f.s. and 
A is the cross-sectional 
area in sq. ft., 
R = the hydraulic radius in 
{t., 
the slope of the energy 
grade line in ft. per ft. 
length of pipe, 
and n = the Kutter coefficient of 
roughness. 


TH 
II 


This equation has come into general 
use in the United States, despite its 
unwieldiness, largely because graphs 
have been prepared for its use and are 
available in most texts on sewer design. 
Sewer designers have become familiar 
with values of the roughness coefficient 
n applicable to sewers. 

The Manning equation, because of its 
simplicity and because it employs a 
roughness factor » whose value is sub- 
stantially equal to the Kutter n, is 
coming into more general use. The 
Manning equation is 


1.486 


n 


where the symbols are the same as for 
the Kutter equation. 

Both of these equations are applicable 
to pipes and conduits of all shapes 
flowing either full or partially full. 
The graphs which are commonly avail- 
able for their solution have been com- 
piled for the full conduit only, and so- 
called “hydraulic element” graphs are 
used to determine the depth and mean 
velocity at other than full flows. 

Figure 2 is an alignment chart pre- 
pared by the author (1) for the solution 
of the Manning equation for circular 
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pipes flowing full. It may be used with 
any value of n from 0.002 to 0.10. This 
chart, as do most other charts for the 
same purpose, also gives a solution of 
the equation Q = AV for the full pipe. 
The use of the chart is obvious from the 
example shown by the broken lines. _ It 
is also possible to use this chart for other 
shapes of cross section including con- 
duits partially full, if the discharge scale 
be ignored and the diameter seale be 
used such that the diameter taken is 
four times the value of the hydraulic 
radius of the actual cross section. The 
discharge (or velocity) must be com- 
puted independently from the relation, 
Q = AV. 

The hydraulic element graphs in com- 
mon use have been prepared on the 
assumption that the roughness coeffi- 
cient n does not change with the depth 
of flow in the conduit. It has been 
known for many years that this as- 
sumption is erroneous, but it has been 
necessary to continue the use of the 
charts because of the lack of adequate 
data with which to correct them. 

A study (1) was made recently of this 
problem by the Committee to Study 
Limiting Velocities in Sewers of the 
Boston Society of Civil Engineers, and 
it was found that the only reliable data 
available which could be used for cor- 
rections were measurements made by 
Wilcox (2) on 8-in. sewer pipe and by 
Yarnell and Woodward (3) on drain 
tile 4-in. to 12-in. in diameter. These 
data showed that the value of n for a 
pipe flowing partially full is greater than 
for the full pipe, and on the average has 
values such as are indicated by the 
curve through the points marked by 
circles in Figure 3. The figure also 
shows a similar curve for the Weisbach- 
Darcy friction factor f. The relation 
between the two friction factors is 


n ( R ) f 
Metall i" Rea : 


fran 

The author (4) has made a study 
of measurements made recently by 
Johnson (5) in large Louisville sewers 









Vol. 18, No. 1 


Discharge in Million Gallons per Day 
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ALIGNMENT CHART For FLOW IN PIPES 
MANNING’S ForMULA: V=2#2 R”5” 


FIGURE 2. 


flowing partially full. The values of 


the ratios + 


frun 


as estimated from these 


data are shown in Figure 3 by the points 
marked with triangles and Xs. The 


values of 


Nuit 


corresponding with the 


values of 3 I marked with triangles are 
fun 
also shown by triangles. 

The experiments of Wilcox and of 
Yarnell and Woodward indicated that 
the value of Manning’s n. for clean 
sewer pipe and drain tile, both clay and 
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FIGURE 3.—Hydraulic elements for sewers of circular section. 


concrete, flowing full ranged from 0.0095 
to 0.011 with sizes from 4- to 12-in. in- 
clusive. It is common practice with 
sewer designers to use a value of 0.013 
for all depths of flow, the authority for 
this practice being based largely on 
measured values in sewers flowing par- 
tially full. If it be assumed that a 
value of 0.013 is reasonable for a pipe 
flowing half full, a value of 0.014 is indi- 
cated for the full pipe which agrees with 
the experiments of Wilcox and _ of 
Yarnell and Woodward. 

In the report (1) of the Committee to 
Study Limiting Velocities in Sewers of 
the Boston Society of Civil Engineers, 
it was “suggested that the following 
values of Manning’s n be generally used 
for full pipes in the design of sewers of 
circular cross section, except in cases 
where the designer has more definite 
information about the value of the 


friction factor for the pipes and joints 
to be used: 


Manning’s n 


0.012 
0.011 


Size of Pipe 


6-in. to 24-in. 
Larger sizes 


These values are higher than the values 
indicated by the best experiments avail- 
able in order to allow for conditions 
encountered in ordinary practice.” It 
will be noted from Figure 3 that the 
values of n for pipes flowing half-full 
corresponding to the values suggested 
above for full pipes are 0.015 and 0.0138 
respectively. 

On Figure 3 the curves for discharge 
and velocity as obtained from the usual 
assumption of a constant value of n are 
shown by broken lines. In accordance 
with this assumption, the velocity is the 
same for a half-full pipe as for a full 
pipe, whereas if Manning’s n is taken to 
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vary with the depth as shown the ve- 
locity at half-depth is only 0.8 the full 
velocity. 


Self-Cleansing Velocities 


A theoretical development by Shields 
based upon experiments by himself and 
others on bed-load movement of uni- 
vranular materials indicates that the 
velocity (1) required to transport sedi- 
ment may be estimated by the following 
equation: 


pate 
V = 7 7 90 —l1)d 


where V is the mean velocity in the 
conduit, d is the diameter of the particle 
to be transported, s is its specific 
eravity, g is the gravity constant, f is 
the Weisbach-Darcy friction factor of 
the conduit, and 6 is a constant whose 
value is about 0.04 to start scour and 
ranges up to 0.8 or more for adequate 
cleansing. 

It will be noted from the equation 
that the ability of a stream to transport 
sediment of a given character depends 
upon the mean velocity and friction 
factor and is independent of the depth. 
Since the friction factor f is greater the 
less the depth of flow in a pipe, it follows 
from the equation that less velocity is 
required for self-cleansing a partially 
full pipe than for a full pipe. The 
relation between the velocity in a par- 
tially full pipe and that for a full pipe 
for the same cleansing effect is shown on 
Figure 3 by the curve marked “Ve- 
locity for equal cleansing.’’ Forsmaller 
depths of flow there is more disturbance 
in the liquid as evidenced by the higher 
friction factor, and this increased dis- 
turbance assures equal cleansing with 
lower average velocity. 
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It has been common practice to 
design sewers with a full velocity of not 
less than 2 f.p.s. to insure self-cleansing. 
Experience indicates that some sewers 
designed for the velocity full are not 
self-cleansing while others with lesser 
full velocities are self-cleansing. The 
probable reason for this anomaly is that 
the sewers which are not self-cleansing 
flow only at shallow depths most of 
the time. Experience further indicates 
nevertheless that a 2 f.p.s. velocity is 
adequate for self-cleansing with an 
average municipal sewage if the sewer 
flows more than half-full. 

The Boston Society of Civil Engi- 
neers Committee recommends that, in 
general, for adequate cleansing, sewers 
be designed with slopes at least great 
enough to develop a cleansing velocity 
at the minimum daily flow (B_ of 
Table 1). In the case of laterals with 
few house connections, the discharge 
rates in the following table are recom- 
mended as it may be expected that they 
will be exceeded at least once a day. 

Figure 4 was compiled by the author 
to facilitate the determination of mini- 
mum slopes required for self-cleansing. 
It is based upon a Manning’s n of 0.012 
for the full pipe, the data of Figure 3 
and the assumption that a velocity of 
2.0 f.p.s. is required for self-cleansing 
with a pipe flowing full. The figure 
applies to pipes ranging from 6- to 24-in. 
in diameter, each pipe size being indi- 
‘sated by a separate curve. The curves 
are for pipes flowing half-full and less, 
the ratio of depth to diameter being 
shown by small circles at 0.05 intervals 
in value. For a fuller discussion of the 
principles underlying the preparation of 
this figure, see the Boston Society of 
Civil Engineers committee report. It 
will be noted from the figure that a 
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slope of 4 ft. per 1,000 is adequate for 
self-cleansing of an 8-in. pipe, provided 
the minimum daily discharge is not less 
than 0.13 ¢.f.s., or provided the depth is 
not less than 0.31 of the diameter. 

As an example of the use of Figure 4 
in design, let it be required to determine 
the minimum pipe size and the mini- 
mum slope for a peak discharge of 1.10 
cf.s. and a minimum daily flow of 
0.10 e.f.s. 

For a minimum discharge of 0.10 
c.f.s., from Figure 4 for 8-in. pipe, 


d 
S = 4.7 ft./1,000 and = = 0.26 
From Figure 3, 
Qruu = a> - = 0.833 ols. 


Hence, an 8-in. pipe is inadequate. 
For a 10-in. pipe, from Figure 4, 


; d 
= 4.35 ft./1,000 and z* 0.19 


From Figure 3, 
= 1.58 c.f.s. 


Hence the 10-in. pipe is adequate, 
and from Figure 3 for 


QVpeak i. 10 d 

—<—- = —— = (2.70, = = 0.69 

Qrau LY 58 ’ D i 
and 


V peak = 0.95 XK 2.9 = 2.75 f.p.s. 


Sewer Transitions 


In sewer design, it is usually assumed 
for simplicity that the flow is steady and 





| 
| 
| 
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uniform throughout a stretch of sewer 
between increments of flow, provided of 
course, there is no change in size or 
grade within the stretch. If the transi- 
tions between stretches are properly 
designed, the assumption of uniform 
steady flow within the stretch for the 
short period during which peak flow 
takes place is a close approximation and 
fully warranted. If the transitions are 
not properly studied, however, and 
sufficient allowance is not made for 
invert drops at transitions, the transi- 
tions may reduce the expected capacity 
of the sewer and cause surcharge at. the 
peak design flow. It may be pointed 
out that the practice of designing transi- 
tions so that the crowns (or the inverts) 
of abutting sewers are placed at the 
same elevation without regard to the . 
energy conditions is faulty. 

It is convenient in transition design 
to assume, first that the energy loss, 
invert drop and change in water surface 
due to the transition are concentrated 
at the center of the transition, and then 
to distribute these changes smoothly 
throughout the length of the transition 
when it is detailed. The method is 
illustrated in Figure 5, where hr repre- 
sents the head loss due to the transition 
and y represents the required drop in 
the invert due to the transition. This 
procedure permits the sewer design to 
progress before the transition design is 
undertaken. It is necessary only that 
adequate allowances be made for the 
energy losses, hr, but precision in esti- 
mating these allowances is unnecessary 
because they are usually small as com- 
pared to the invert drops y. 


: 





FIGURE 5.—Illustration of energy and hydraulic gradients at transition in size or grade. 
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It is to be noted particularly that the 
transition head loss must be applied to 
the energy grade line and not to the 
hydraulic grade line (7.e., the water 
surface). Except for some special and 
infrequent cases involving junctions, 
the energy grade line falls through a 
transition. The hydraulic grade line 
may rise, however, and usually does in 
transitions involving substantial de- 
crease in velocity. 

For convenience, the sewer inverts 
may be taken as datum and the total 
energy heads H, and H; in the upper 
and lower stretches of sewer where 
uniform flow is assumed to take place 
may be measured upward from the 
inverts. In each case, the energy head 
is the depth plus the velocity head, or 


Vy? 
H=d+5 


and the energy grade line is parallel 
with the invert and water surface at a 
height equal to the velocity head above 
the water surface. 

From Figure 5, it is obvious that the 
required invert drop y is readily obtain- 
able from the relation 


yee H, + hr a Hs 


In the design of a transition, y may have 
a value from zero to several feet in 
magnitude. If a negative value of y is 
obtained from the equation, it should 
not be used in design because it will 
result in placing the invert of the lower 
pipe at a higher elevation than that of 
the upstream pipe. If y is negative 
from the equation, y should be taken at 
zero whereupon the head loss hr be- 
comes greater than the minimum com- 
puted and there will be a draw-down 
curve in the upper stretch of sewer. 
This is a case which frequently occurs 
when a small steep sewer discharges 
into a larger sewer with a flat slope. 
Data on the magnitude of the transi- 
tion loss, hz, for sewers are almost com- 
pletely lacking. No reliable measure- 
ments of such losses in sewers have ever 
come to the author’s attention. The 
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most reliable data available for use are 
measurements of head losses in flume 
and siphon transitions for irrigation 
purposes made by the U. S. Bureau of 
Reclamation. These data are analyzed 
in a paper by Julian Hinds (6), who 
recommends that the head loss for a 
well-designed transition may be esti- 


, he 
mated from the equation hz = kA (=) 


79 \ 


J 
where A ( =) is the change in velocity 


head through the transition and k is a 
factor which may have a value as low as 
0.1 for increasing velocity transitions 
and as low as 0.2 for decreasing velocity 
transitions. Since the velocity heads 
are quite small in most sanitary sewers, 
it is the opinion of the author that 
larger allowances should be made for 
transition losses with a minimum value 
of 0.02 ft. in any case. 

The transition data studied by Hinds 
involved flow in the “upper alternate 
stage’’ in all cases, and the values of k 
which he recommends are strictly appli- 
sable only to upper stage flow. There 
are many sewers in which flow must 
take place in the “lower alternate 
stage’’; and hence sewer transitions may 
involve flow from upper to lower, from 
lower to upper or from lower to lower 
stage. Where a lower stage is in- 
volved, the values of & will probably be 
greater than stated above; and if flow is 
from lower to upper stage, a ‘hydraulic 
jump” will take place with considerable 
energy loss. 

Because of the above considerations, 
it is advisable as part of design pro- 
cedure to determine at what stage flow 
will take place in all sewers. It is also 


advisable that sewers be designed to. 


avoid flow at or too near the “critical 
depth.” Critical flow is unstable, and 
slight changes in friction within a 
stretch may result in substantial changes 


in depth and velocity. 
” : ae 
Ifin the energy equation H = d+ Q , 


V is replaced by its value “ and A is 


946 


ire 


™ 
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expressed as a function of the depth d, 
the equation becomes a cubical equa- 
tioninterms of the depthd. One of the 
three roots of this equation is negative 
and unreal but the other two values of d 
represent the two alternate stages at 
which flow may take place with a given 
energy head H. If the flow is uniform, 
the slope of the sewer determines which 
of the two stages will obtain. The 
solution of the cubical equation for 
a rectangular cross-section is shown 
graphically in Figure 6, and for cir- 
cular conduits flowing partially full in 
Figure 7. These graphs were prepared 
by the author (7, 8) to facilitate the 
design of sewer transitions. 

Figures 6 and 7 may be used to in- 
vestigate the stage at which flow will 
take place. For.a rectangular conduit, 
if F is greater than 24, flow is at the 
upper alternate stage; and, if less than 


d. 
24, at the lower stage. If H is equal to 


VALUES OF 


0.06 


VALUES OF z 
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24 flow is at the critical depth. For 
d , 
stable flow, i should not be within the 
range from 0.60 to 0.72. 
For a circular conduit flowing par- 
tially full, Figure 7 indicates that flow is 


ad. 
at upper stage when H is greater than 
d , 
0.75 and at lower stage when 7s less 


than 0.50. For values of 7 between 0.5 


and 0.75, it is necessary to consider the 
; | H\, 

value of the ratio 5 (or 5) in order 
to determine the stage. For example, 
if the depth of flow is 0.6 times the 
diameter (or H = 0.84 D), the critical 
depth occurs at a value of 0.704 for the 


For stable flow it is desira- 


7 ; d 

ratio Hi: 
ble that the depth of flow in a circular 
sewer should be less than 90 per cent or 
more than 110 per cent of the critical 


depth. 








O10 4012 O14 016 
3 3 


FIGURE 6.—Alternate stages and critical depth as determined for sewers of 
rectangular section. 
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Figure 7 is also useful for computing 
hydraulic profiles for nonuniform flow 
in circular sewers. By trial and error 
procedure from one cross section to 
another along a sewer stretch, H may be 
estimated and it is required to determine 
the depth for a given discharge Q. The 

2 


E 
and Dp may be com- 


oo ae pees. ee 

values of GHD’, 5 

puted; and for these values, the corre- 
a d 

sponding value of De y my be read 

directly from the diagram. 

If a sewer is laid at a slope such that 
uniform flow will be at the upper 
alternate stage and the sewer discharges 
freely at the lower end, critical depth 
will occur a few feet upstream from the 
end. This point, or for a close approxi- 
mation the end of the sewer, is a con- 
venient starting point for the computa- 
tion of the hydraulic profile. To 
determine the critical depth from 
Figure 7 for a given discharge and 
sewer size, it is convenient to compute 


2 


. & 
the value of Ds and read downward 


from the corresponding scale to the 
“critical depth” line on the graph. 


Sewer Junctions 


Most sewer transitions are also junc- 
tions where a branch sewer enters a 
main sewer. In this case there are two 
flow paths, the lower stretch of main 
sewer being common to both. In at 
least one of the streams there is curva- 
ture and the value of hr for this path 
should include the effect of curvature. 
An additional .allowance in head loss 
should also be provided for both paths 
to care for the impact loss due to the 
converging streams. The hydraulic de- 
sign of a junction is, in effect, the design 
of two transitions, one for each flow 
path. 

The impact loss at a junction is, 
theoretically, subject to computation 
by the momentum principle. This 
principle has been successfully applied 
to the computation of head loss in a 
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hydraulic jump occurring in rectangular 
open channels. For a junction of two 
or more streams meeting at an angle, 
the pressure plus the linear momentum 
below the junction point must equal the 
sum of the components of the pressure 
and momentum of each tributary stream 
in the direction of flow of the stream 
below the junction. The energy loss 
due to impact in the junction is the 
difference between the total energy in 
the stream below and the sum of the 
energies of the tributary streams. 
There will always be an energy loss of 
appreciable magnitude due to impact at 
the junction. It is conceivable, how- 
ever, that in some cases, such as with a 
large stream at high velocity into which 
a small low velocity stream is dis- 
charged, there may be a gain in energy 
along one path at the expense of a 
greater loss along the other path. In 
sewer design it is not safe to assume 
that an impact loss may be negative, 
for if the assumption be in error the 
upper stretch of sewer will be subjected 
to backwater and possible surcharge. 

Unfortunately, it is not practicable to 
apply the momentum theory to the 
actual design of junctions. In making 
the application, it is necessary to choose 
cross-sections just above and below the 
junction for which pressure and mo- 
mentum computations are made. To 
the pressures thus computed must be 
added the pressure components in the 
direction of flow along the walls and 
floors of the channels. The pressure 
components on the walls and floor are a 
considerable part of the total pressure, 
but they cannot be accurately de- 
termined because their magnitudes are 
influenced by the impact of the streams 
and the curvature. 


Conclusion 


The author hopes that this brief 
review of some of the important con- 
siderations in the hydraulic design of 
sewers may serve to emphasize the 
highly technical nature of sewer design. 
The coming postwar period will see an 











16 SEWAGE WORKS JOURNAL January, 1946 


expansion of sewer construction greater capable hands if we are to avoid dis- 
than in any previous period. It is credit to the sewage works engineering 
imperative that the design be put in _ profession. 
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DIGESTER GAS FOR AUTOMOBILES 


By Karu IMHOFF 


Consulting Sanitary Engineer, Schondorf, Bavaria 


Various kinds of gas have been used 
as fuel for automobiles instead of gaso- 
line. Methane, having twice the heat 
value of ordinary city gas, is well 
adapted to this purpose. Methane is 
produced by the digestion of organic 
material under water and is a well 
known by-product of sludge digestion 
in sewage treatment plants (1). In 
most of the large sewage treatment 
plants of Germany, the digester gas is 
collected and compressed into steel 
cylinders for use as fuel in municipally 
operated automobiles. 

The quantity of digester gas pro- 
duced in sewage treatment plants is 
small in comparison with the general 
demand for gasoline, but the available 
supply is appreciably increased if facil- 
ities are provided for the digestion of 
other organie industrial and agricul- 
tural waste materials. Buswell (2) has 
studied the digestion of cornstalks as a 
souree of gas and has conducted similar 
experiments with many other waste ma- 
terials. Considerable work similar to 
that initiated by Buswell has been done 
in Germany (3, 4, 5). From these 
studies the following data on gas pro- 
duction and methane content have been 


drawn: 
Gas Quantity 
(Liters per Methane 
Kg. of Content 
Dry Material) (Per Cent) 
Sewage screenings. . 250-312 56-61 
Sewage sludge.......... 320 67 
Sewage scum.......... 570 70 
Activated sludge........ 134 30 
Filter paper (cellulose)... 656-855 50 
Newspaper .occes, eas 272 56 
LORVES sc cco 8 saxo ... 210-294 59 
Sugar beet tops......... 490 60 
WOOGBe cueiccn ic ... 122-320 59 
Banana stems........... 374 62 
Pine tree needles........ 37 69 
CORNSURERE oe oi 5 ass sis 424 53 
Sunflower shells......... 300 60 


Wheat straw............ 245-342 58 
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PIR BOPERW c's s/s vveueie's 300-359 59 
Apple skins..........<.. IO 50 
OGM VENOD (a0 sasets Wana leo os 500-600 58 
MUO ilater, Sctivn vavere’s os 670 50 
ry Ce re 640 50 


Slaughterhouse wastes... 200-400 60 
Stable manure with corn- 
Reems eho Suh avaicc 200-500 


Stable manure withstraw. 250 


50-60 
56-60 


The wide variation in these values, 
due to differences in the character of 
the material digested, will be noted. 
Digestion of stable manure with straw 
is seen to yield 250 liters of gas per ke. 
of dry material, which gas contains 60 
per cent methane and 40 per cent ear- 
bon dioxide. The quantity of manure 
(with straw) produced per animal is as 
follows : 














Fresh Dry 
Manure Per Cent Material 
(Kg. per Moisture (Kg. per 
Day) Day) 
1 
COWe.... 40 75 10 
Horse... .. 30 71 8.7 
Pig....... | 6 72 1.7 








The dry stable manure of one cow, 
amounting to 10 kg. per day, therefore, 
will yield 10 x 250 = 2,500 liters (88 
eu. ft.) of gas containing 60 per cent 
methane. The fuel value of this vol- 
ume of gas corresponds to that of 
about 1.65 liters (0.44 gal.) of gaso- 
line. 

Gas production in municipal sewage 
treatment plants is about 20 liters per 
capita per day. [This value appar- 
ently refers to gas production from 
primary sludge only. In complete 
treatment plants, gas production, often 
reaches 30 liters per capita per day.— 
Ed.| It will be noted that the gas 
produced per cow by the digestion of 
stable manure is more than 100 times 
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greater than the per capita production 
of gas by the digestion of sludge in 
municipal sewage treatment plants. 

Digester capacity requirements for 
manure are very different from those 
for domestic sewage sludge. Ordi- 
narily, where solid materials such as 
manure are being digested, 4 ke. of 
dry solids may be fed daily per eu. 
meter (0.25 lb. per cu. ft.) of digester 
eapacity. Gas production is then about 
one cu. meter daily per cu. meter of 
digester capacity and the detention 
period of the diluted mass is about 30 
to 40 days. On this basis the required 
capacity of a manure digester is only 
half that of a conventional sewage 
sludge digester. 


Special Requirements in Digestion of 
Solid Wastes 


In the digestion of solid materials 
special attention must be given to 
heating, acid fermentation, control of 
floating material, and nitrogen content. 
Heating is almost always necessary ; 
the economical temperature of diges- 
tion is about 77° F. The following 
data (1) show the influence of tem- 
perature on the rate of digestion of 
well-seeded sewage sludge: 





| Total Gas Production 




















Time | (Cu. Ft. per Lb. Volatile Matter) 
(Days) ere ee - 
50°F. | 50°F. | 68°F. | 77°F. | 86°F. 
5 1.4 2.3 3.5 5.3 1.2 
10 2.5 3.9 5.7 8.1 10.1 
15 3.5 5.1 | 7.2 9.6 | 11.3 
20 | 42 | 61 | 81 | 104 | 118 
25 4.8 67 | S77 10.8 | 12.0 
30 53 72 | BO | 710 | 123 
40 6.0 7.8 9. 11.2 12.2 
50 | 64 | 8.1 9.6 | 11.3 | 
60 6.7 8.3 | 9.7 | 113 
90 fe | 8.5 | 9.8 | 








Acid fermentation instead of alka- 
line digestion occurs very easily when 
solid materials are being handled. 
This must be avoided, because very 
little gas production will otherwise 
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take place and odor nuisance will be 
created. 

Buswell (2) has shown that the 
chemical reactions occur in two steps: 
first, organic acids are formed; then 
the acids decompose to methane and 
carbon dioxide. If too much fresh 
material is introduced, the bacteria 
tend to produce more acids than ean 
be decomposed. The acid concentra- 
tion may become so high that bacterial 
action is inhibited. The only remedy 
for this is to decrease the rate of feed- 
ing fresh materials. When _ solid 
wastes such as manure are being di- 
gested, the fibrous material tends to 
float to the top of the digester leaving 
almost no bottom sludge. The float- 
ing particles accumulate as a compact 
scum in which only acid fermentation 
occurs. It is absolutely necessary to 
circulate the whole mass by means of 
an efficient mixer so as to break up the 
scum at least once daily. 

A certain amount of nitrogen is nee- 
essary in a digestion unit as bacterial 
food. It has been demonstrated that 
gas yields are very low when pure cel- 
lulose (filter paper) is digested. Bus- 
well (2) by adding nitrogen, was able 
to gasify nearly 100 per cent of the 
cellulose, and he recommends an am- 
monia nitrogen content of 100 p.p.m. 
as N in the digester. For each gram 
of decomposed material 7 mg. of ni- 
trogen are necessary. If wastes, such 
as straw or cornstalks, do not contain 
the necessary nitrogen, manure or arti- 
ficial ammonia nitrogen must be added 
to initiate satisfactory digestion. 


Practical Experience in the Digestion 
of Solid Wastes 


Aside from the well known digestion 
of sewage sludge there are very few 
plants that digest solid waste materi- 
als. One of the oldest installations of 
this kind was at Milwaukee, Wis., 
where sewage screenings were digested 
at one time. A newer similar installa- 
tion is in operation at Dresden (6). 
The digestion of sewage screenings as 
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a source of gas is of little importance, 
however, because the quantity of the 
raw material is small and the per 
capita gas production from screenings 
is at best but 20 per cent of the per 
capita gas production from sludge. 

At Lansing, Mich. (7), ground gar- 
bage has been digested with sewage 
sludge with some success. At Amers- 
foort, Holland, an experimental di- 
vester is handling a mixture of ground 
garbage and sewage sludge, the di- 
gester being a Dorr unit equipped with 
a Turbo-mixer. The Dutch installa- 
tion has functioned well and the favor- 
able results reported for Lansing have 
been confirmed. The digestion of a 
number of other solid wastes is now 
being tried at Amersfoort. 

A similar large installation is now 
under construction at a slaughter- 
house at Hamburg. The anticipated 
daily gas production from this plant 
is 1,930 cu. meters (68,000 cu. ft.) 
containing 1,160 eu. meters (41,000 eu. 
ft.) of methane and equivalent in fuel 
value to 1,280 liters (367 gal.) of gaso- 
line. The digested sludge will be 
dried and used as fertilizer. 


Use of Gas in Automobiles 


The net,fuel value of methane (wet 
gas) is 7,970 kg.-cal. per cu. meter 
(896 B.T.U. per eu. ft.) and that of 
gasoline is 7,300 ke.-cal. per liter 
(110,000 B.T.U. per gal.). [The 
value given for gasoline may be some- 
what low and possibly refers to syn- 
thetic gasoline as produced in Ger- 
many.—Ed.| On this basis, one cu. 
meter of methane is equivalent to 1.1 
liters of gasoline (or one gal. of gaso- 
line is equivalent to 123 ecu. ft. of 
methane). For use in automobiles, 
the gas may be liquefied or it may be 
drawn directly from high pressure 
steel cylinders or from bags in which 
it is stored at atmospheric pressure. 

The liquefaction of methane has been 
proposed by Padovani (8, 9), who 
suggests that it be made into methyl 
aleohol. Claude (10) suggests the 
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conversion of methane to a form of 
liquid gas similar to propane which 
may be stored in cylinders at only 10 
atmospheres pressure. Neither of 
these ideas has as yet been carried out 
in practice. 

High pressure gas has been used as 
automobile fuel in Germany for many 
years. The steel cylinders ordinarily 
used are at 200 atmospheres (3,000 
p.s.i.) pressure. They are 5 ft. long, 
9 in. in diameter, have a capacity of 
53 liters (1.9 eu. ft.) and weigh 62 kg. 
(187 lb.). At 200 atmospheres pres- 
sure the cylinder content is equivalent 
to about 10 cu. meters (353 eu. ft.) 
of pure methane under standard con- 
ditions of pressure and temperature or 
11 liters (2.75 gal.) of gasoline. Gas 
compressors for this purpose are in 
operation in many German sewage 
treatment plants, including those at 
Munich, Essen, Stuttgart, Halle and 
Berlin. The compressors operate at a 
pressure of 350 atmospheres (5,000 
p.s.i) and discharge to large storage 
tanks 16 ft. high and 2 ft. in diameter. 
Electric power is ordinarily used for 
compression, but digester gas engines 
are used instead in some plants. 

Most of the carbon dioxide can be 
washed out of the gas with water under 
pressure, but this requires consider- 
able power and a large amount of 
clean water. At Essen and Stuttgart 
the gas is left unwashed. The prin- 
cipal disadvantage of this procedure 
is that the cylinders contain less usable 
gas so that more cylinders of gas must 
be carried by the vehicle. 

Non-compressed gas in bags has 
come into use for automobiles only 
during the past few years, especially 
using municipal gas as the fuel. The 
practice was introduced successfully 
in France and Germany (11, 12). 
Figure 1 illustrates the usual methods 
of arranging such gas bags on busses 
and supplementary cars. Develop- 
ment of the idea by Hans Koch of 
Neustrelitz (Mecklenburg) for oper- 
ating small motor vehicles is also il- 
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FIGURE 1.—Methods of carrying gas fuel for motor vehicles in Germany. (a) 


Motor truck with high pressure gas cylinders. 


(b) Omnibus with gas bag on roof and in 


supplementary car. (c) Tricycle automobile with gas bag. (d) Motor bicycle and driver 


with gas in knapsack. 


lustrated in Figure 1. The use of gas 
bags for operating small vehicles is 
indicated where the gas is produced 
in small plants for which heavy com- 
pressors are too expensive. 


Design of Rural Gasworks 


No gas plants are as yet operating on 
stable manure, the most important ma- 
terial of all. The design of rural gas- 
works does not involve a great deal of 
difficulty, since broad experience is 
now available from sewage treatment 
plants. There is also a wealth of good 
experimental data to establish the spe- 
cial characteristics of stable manure 
and other rural waste products. 

Figures 2, 3 and 4 illustrate the de- 
sign of a rural gasworks which is to 


operate on a farm having 50 cows, 10 
calves, 8 horses and 15 pigs. The daily 
quantity of fresh wet stable manure, 
including straw, produced by these 
animals would be 2,500 kg. (650 kg. 
dry). The daily gas production would 
be 162 cu. meters (5,720 eu. ft.) of gas 
containing 60 per cent methane and 
equivalent in heat value to 107 liters 
(28 gal.) of gasoline. 

The straw is cut before it is used in 
the stable. During the summer graz- 
ing period part of the manure is lost 
and is replaced by accumulated rape 
straw which has little value for other 
purposes. 

The proposed digester is 11 ft. deep 
and covered with earth (Figure 3). 
It is equipped with a Bucher mixer 


— 
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driven by electricity. This device con- 
sists of a long horizontal shaft sup- 
porting elliptical mixing blades and 
has proved to be effective in mixing 
solid and liquid manures prior to 
pumping them onto fields, a common 
practice in southern Germany. The 
capacity of the digester is 195 cu. 
meters (6,900 cu. ft.). The fresh ma- 
nure is fed in daily at one end. At 
the other end there is a stilling com- 
partment having a volume of 26 cu. 
meters (920 eu. ft.) ; it is in this cham- 
her that the digested floating matter 
accumulates. This is removed from 
the chamber daily in a dry state and 
is stored in a pile for use as fertilizer. 
Digested sludge may be pumped back 
from the outlet end to the inlet for 
inoculation of the fresh material, if 
necessary. The overflowing digester 
liquor is discharged back to an exist- 
ing liquid manure tank. The fresh 
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manure is diluted with water to a 
moisture content of 86 to 90 per cent. 
The quantity of water required is 
about the same as that needed for cool- 
ing purposes at the compressor so that 
the water can be used to serve the dual 
purposes of diluting the manure and 
heating the digester. In winter, addi- 
tional heat can be supplied by a hot 
water heater operating on the digester 
gas being produced or on other fuel. 

The electrically driven gas com- 
pressor is located in a separate room 
of the engine house (Figure 4). The 
gas is compressed to 350 atmospheres 
(5,000 p.s.i.) and stored in two eylind- 
ers, whence it is delivered to the small 
automobile cylinders that hold the gas 
at 200 atmospheres (3,000 p.s.i.) pres- 
sure. A low-pressure gas holder of 
100 cu. meters (3,530 eu. ft.) capacity 
serves as an equalizer. 

The construction cost of the installa- 
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FIGURE 2.—Layout of gasworks at farm having 50 cows. 
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FIGURE 3.—Digester for gasworks at farm having 50 cows. 


tion is about 60,000 Marks, and the an- 
nual expense for electric power is 
about 2,300 Marks. The power re- 
quirements amount to only about one 
quarter of the energy contained in the 
methane produced. 

A number of designs have been pre- 
pared for German farms of different 
sizes. The smallest unit is for a farm 
with 4 cows (Figure 5) and ineorpo- 
rates a digester having a capacity of 
only 15 cu. meters (530 ecu. ft.). This 
installation would yield from 9 to 15 
cu. meters (320 to 530 eu. ft.) of gas 
daily. An equalizing gas holder or 
gas bag having a capacity equivalent 
to the maximum daily production of 
gas is needed and the gas can be ear- 
ried in gas bags for cars and small 


farm machinery, as shown in Figure 1. 

The largest unit is designed for a 
farming village in southern Germany 
where the daily gas production will be 
2,400 cu. meters (85,000 cu. ft.)—the 
equivalent in fuel value of 1,580 liters 
(420 gal.) of gasoline. The construc- 
tion cost is 340,000 Marks and the an- 
nual cost of electric power 29,000 
Marks. 

Residues After Digestion 

The residues after digestion include 
floating solids, bottom sludge and over- 
flow liquor. 

The digested floating solids acecumu- 
late in the outlet compartment of the 
digester, from which they are removed 
daily to be used as fertilizer. The 
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quantity is about half that of the origi- 
nal manure. 

The amount of bottom sludge result- 
ing from the digestion of stable ma- 
nure, straw and similar cellulosic 
materials is very small, because most 
of the solids tend to float. This sludge 
may be removed at long intervals of 
time. In small plants the sludge may 
be discharged into the liquid manure 
tank as is done with the overflow 
liquor. In large plants, the sludge 
may be dried on open beds as in mu- 
nicipal sewage treatment plants, or it 
may be pumped directly onto fields or 
into lagoons. 

The overflowing digester liquor cor- 
responds approximately in quantity 
to the volume of introduced dilution 
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water and may be about the same as 
the quantity of solid manure. The 
liquor contains considerable nitrogen 
and has value as a liquid fertilizer. 

All three residues are practically 
odorless if the digester is operating 
properly. 


Fertilizer Values 


The quantity of solid manure is di- 
minished by digestion and in that 
sense there is a loss of fertilizer. The 
same loss is experienced, however, in 
the course of any other treatment of 
manure because a part of the ma- 
terial is decomposed by bacteria in the 
manure pile and on the fields before it 
ean be utilized by the crops. The dif- 
ference is that the gases resulting from 
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FIGURE 4.—Engine house for gasworks serving farm having 50 cows. 


1. Main valve 

Filter 

H.S filter 

Meter 

Equalizing tank 
Compressor 

. Calcium chloride dryer 
8. Separator 

9. Distributor 

10. Gas cylinders 


NAMA WH 


11. Filter 

12. Hose connection for tanking 

13. Switch board 

14. Hot cooling water from compressor 
15. Water tank 

16. Water pump 

17. Heater 

18. Sludge pump 

19. Motor of mixer 








24 SEWAGE WORKS JOURNAL 


Gas domme 






Elliptical 
mixing 







Yr” 
Sewage or 
warm wafer 
for dilution 
and heating 





4, 





January, 1946 










\ a 


a 
\ Man 
4 stirrit 











































OF on pa 
" 


tirring 
device 









> 
Sludge 











ie liquor 
Drain pity | 
ae ! 
CH fall | | 
. available) | 
| | 
, i 
: nie ao 












——— 16°5 


FIGURE 5.—Gasworks for installation at small farm. 


bacterial decomposition are conserved 
when the manure is digested under 
water, whereas these gases are other- 
wise lost. Methane is produced only 
from that part of the manure that is 
subjected to decomposition. 

The overflow liquor should naturally 
be used as fertilizer if there is to be 
no loss of nitrogen, since a part of the 
nitrogen is contained in the liquor. 
Where the liquid manure and drainage 
from the manure pile are accumulated 
in tanks as is customary in Germany, 
the digester effluent should be dis- 
charged to these tanks so that the ni- 
trogen content of the overflow lquor 
will be utilized as liquid fertilizer. 

In the decomposition of organic mat- 
ter, liquefaction takes place as well as 
gasification. The liquefied material 
is contained in the overflowing digester 
liquor. Nevertheless, the digester can 
sometimes serve as a waste treatment 
plant; for example, where the wastes 
from a dairy or distillery are being 
treated. The strength of such wastes 
ean be reduced materially by digestion. 


In rural biological gasworks, the 
waste water of the farm is ordinarily 
increased by the digester. This may 
result in some additional nuisance 
where the liquid manure and manure 
pile drainage are permitted to flow 
away over the ground, but where these 
liquids are stored in tanks and uti- 
lized, the digester liquor creates no 
additional problem. 


Economical Considerations 


In a nation enjoying an abundance 
of oil and gasoline, such as the U.S. A., 
there is probably no market for di- 
vester gas. In Germany, however, the 
price of gasoline depends on the cost 
of producing it artificially from coal. 
The price is now more than 40 Pfen- 
nings per liter and the corresponding 
value of a cu. meter of methane is 35 
Pfennings. At these prices, large bio- 
logical gasworks are definitely profit- 
able. The installation mentioned pre- 
viously for the farming community in 
southern Germany will cost 340,000 
Marks to build, but it will yield an 
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annual gross revenue of 170,000 Marks. 
Agricultural gasworks with compres- 
sors are economical down to about 100 
eu. meters (3,530 ecu. ft.) of pure 
methane daily, equivalent to the pro- 
duction of 110 liters (29 gal.) of gaso- 
line per day. Below that size com- 
pressors should be eliminated and 
non-compressed gas utilized. 

Sufficient stable manure is produced 
in Germany to yield a quantity of gas 
which would have a heat equivalent of 
1,000,000 U. S. tons of gasoline per 
year. In 1934 German importation of 
gasoline and oil was only half that ton- 
nage. This import can be totally re- 
placed by digester gas fuel if only 
half of the stable manure is digested 
to methane. 

Conditions similar to those in Ger- 
many exist probably in other parts of 
central Europe and in large parts of 
Asia. 


Conclusion 


Sanitary engineers have had broad 
experience in digesting and gasifying 
organic matter in municipal sewage 
treatment plants. In Germany, meth- 
ane produced by such digestion has 
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been proved to be a good substitute for 
gasoline as an automobile fuel. The 
gas is ordinarily carried in steel cylind- 
ers at 200 atmospheres (3,000 p.s.i.) 
pressure, but it may be stored in bags 
which are not under pressure. 

The quantity of digester gas pro- 
duced at municipal sewage treatment 
plants is small in comparison with the 
demand for gasoline. The quantity 
of gas ean be increased enormously, 
however, if solid organic wastes such 
as stable manure are digested. The 
quantity of gas available from the 
stable manure of one cow is more than 
100 times the per capita gas produc- 
tion of municipal sewage treatment 
plants. The residues from stable ma- 
nure digestion may be used as ferti- 
lizer. There is no appreciable loss of 
fertilizer constituents over those asso- 
ciated with present methods of appli- 
cation of fresh fertilizer to land. The 
methane is produced only from that 
part of the manure that would other- 
wise decompose in the manure pile or 
on the fields. 

Rural digester gasworks may become 
important sources of automobile fuel 
for Germany and some other countries. 
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SMALL SLUDGE ELUTRIATION PLANTS * 


By A. L. GENTER 


Consulting Enaineer, Baltimore, 


The economic advantages resulting 
from the employment of sludge elu- 
triation in any sewage treatment plant 
depend primarily on the use of con- 
tinuous vacuum filters. These ad- 
vantages are measured by the differ- 
ence in the annual costs of operating 
the filters with and without elutriation. 
Similarly, the savings resulting from 
the employment of vacuum filters in- 
stead of open or covered sand beds are 
measured in annual operating costs 
and other capital charges. 

The law of diminishing returns ap- 
plies both to the use of vacuum filters 
in preference to sand beds and to 
the use of elutriation, 7.e., as a plant 
becomes smaller the returns on the 
initial investment become proportion- 
ately less until a certain threshold 
value is reached in population service 
when the savings about balance the 
annual operating and capital charges. 
This threshold value will vary with the 
treatment method adopted and with 
numerous other factors including those 
of local significance. In some in- 
stances it may be as low as 15,000 pop- 
ulation. It is the opinion of the writer 
that if the use of vacuum filters 
found at all advisable in small plants, 
the use of digestion and elutriation is 
also advisable. 

In draining typical sludges 
vacuum filters the chief items of cost, 
nuisance and trouble frequently re- 
late to the chemicals used for condi- 
tioning and rendering various types 
of sludges rapidly drainable on such 
equipment. By now we have come to 
realize that the chief chemical require- 
ments of various sludges are the com- 
bination of solids and liquid require- 
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ments of any sludge for ferric chloride 
and its various substitutes. Whereas 
the former is a function of the amount 
of organic or volatile matter present 
in the sludge, the latter is a function 
of certain biochemical products that 
accumulate in and foul the natural 
sludge moisture. Sludge digestion is 
particularly valuable in lowering the 
solids demand but does this at the 
cost of increasing the liquid demand of 
the highly fouled sludge moisture. 

In small plants sludge digestion is 
a most valuable aid in lessening the 
amount of solids to be disposed of and 
is certainly the chief asset to the use 
of sand beds. Without elutriation to 
remove the inimical effects of its fouled 
moisture on chemical require- 
ments, however, digestion may become 
a distinet liability to the use of 
vacuum filters to the best advantage. 
These filters may be used on raw 
solids without digestion. The use of 
digestion and elutriation, however, 
combines to reduce both the amount 
of solids and the chemical demand of 
a sludge with the result that the eco- 
nomie gain over dewatering raw solids 
is compounded. The final, lesser total 
chemical demand of the elutriated di- 
gested sludge applies to materially less 
final solids. The size of equipment 
and its space required for filtering and 
subsequent heat drying or incineration 
and the annual operating charges for 
chemicals and power are reduced, 
while objectionable odors and the nui- 
sance of using lime are eliminated. 
These factors combine to lower the 
population limit that may be set for 
the use of vacuum filters in small 
plants. 

Proof of this statement is the experi- 
ence at Annapolis, Md. (1, 2). This 
plant is the smallest elutriation layout 
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from the standpoint of size and cost 
of equipment. At present this plant 
may be serving about 25,000 people 
but at the time it was equipped with 
elutriation it was serving less than 
20,000. It treats a year’s supply of 
sludge during 710 hours service, 1.e., 
about 8 per cent of the total available 
time. Strangely enough the law of 
diminishing returns just mentioned 
did not apply to the elutriation part 
of this plant, although it undoubtedly 
did apply to the vacuum filter layout 
operating on the digested sludge with- 
out the aid of elutriation. The total 
cost of conversion to elutriation was 
practically retired by the savings ef- 
fected during the first year of opera- 
tion. The large return on the invest- 
ment here was a combination of a 
number of items, some of which are 
pertinent to this discussion, namely, 
a digested sludge of low solids and high 
liquid chemical demand, high price of 
ferric chloride, good engineering fore- 
sight on the part of the designers 
(Whitman, Requardt and Smith— 
now Whitman, Requardt and Associ- 
ates) in providing both ample diges- 
tion space and a small storage tank 
for equalizing the feed to the 65-sq. 
ft. vacuum filter, and the engineering 
acumen of the plant superintendent 
who converted this tank to a single 
stage elutriation tank at exceedingly 
small cost. 

While in a very small plant the eco- 
nomie gain from using elutriation may 
barely offset expenditures, there are 
definite advantages included in the 
elimination of lime. All of these are 
not necessarily measured in dollars 
and cents but in terms of aeccomplish- 
ing sludge dewatering without pur- 
chasing, storing, handling and using 
two chemicals, liberating ammonia and 
other odors, fighting lime carbonate 
inerustation with acid, and prevent- 
ing acid action on the metal surfaces 
of the filtration equipment by using 
inhibitors. 

In a plant serving 20,000 population 


SMALL SLUDGE ELUTRIATION PLANTS 27 


the annual savings in chemicals may 
vary from $400 to $800 according to 
the quantity and nature of the sludge 
collected and processed, the local price 
of chemicals and the degree to which 
the liquid demand of the sludge is di- 
minished. 

There are other factors beside the 
daily sewage flow and solids load which 
determine the size of an elutriation 
plant. The kind of sludge digested 
and dewatered, the amount of diges- 
tion space provided, and the weekly 
operating schedule have material in- 
fluences on this point. The operating 
schedule is quite important and is de- 
termined largely by the digestion 
space. Aside from the influence of 
secondary heat drying or incineration 
of the filtered sludge on the operating 
schedule, ample digestion space pro- 
vides for flexibility in elutriation and 
filter operating schedules. The oper- 
ating schedule makes the term ‘‘small 
elutriation plant’’ relative. For ex- 
ample, a plant serving 20,000 popula- 
tion is classified as small and one 
serving 70,000 is well out of such a 
class. Nevertheless, with digestion 
space sufficient to destroy about. 65 
per cent of the volatile matter in a 
primary sludge obtained from average 
domestie sewage, an elutriation sched- 
ule which ealls for serving 20,000 peo- 
ple 220 days yearly and but 8 hours 
daily, i.e., 20 per cent of the total time, 
will serve 40,000 when operating 40 
per cent of the time and 70,000 when 
operating 70 per cent of the time. 

The shortest annual operating time 
recorded for elutriation plants is at 
the Petapseo plant in South Baltimore. 
Here the elutriation and vacuum filter 
equipment operates approximately one 
day out of each month and then for 
only 7 or 8 hours, which is about 1 per 
cent of the available time. This is 
due to the fact that the total popula- 
tion to be served by the plant is not yet 
connected. 

The longest annual operating sched- 
ule is at the main treatment plant — 
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serving about one million of the Bal- 
timore population. Here elutriation 
and vacuum filtration operate 63 per 
cent of the available time. Insufficient 
digestion space is largely responsible 
for the increased load on the sludge de- 
watering equipment. 

This is mentioned here to emphasize 
again the fact that one of the best 
safety factors in determining the opti- 
mum economies of elutriation and 
vacuum filtration is ample digestion 
space, particularly in small plants 
where such space is easy to provide. 
This space will probably average 1.5 
cu. ft. per capita for heavy primary 
sludges and may extend to 2.5 or even 
3 cu. ft. per capita for thinner fresh 
sludge mixtures. The average yearly 
operating hours for present day elu- 
triation plants is about 1500. This 
is about 17 per cent of the total avail- 
able time. 


Elutriation Space 


Aside from the influence of digestion 
space on the annual operating sched- 
ule, the other factors which affect the 
size, cost, and efficiency of elutriation 
plants are: (1) kind of sludge digested 
and elutriated, (2) the degree to which 
raw solids may be mineralized and con- 
centrated in digestion and elutriation, 
(3) alkalinity of wash water used, (4) 
alkalinity of the fouled digested sludge 
moisture, (5) washing method used 
and (6) the amount of wash water used 
per unit volume of sludge or sludge 
moisture. 

The first: two items are important in 
that they influence both the digestion 
and elutriation space. In general, 
a thin primary sludge, such as primary 
mixed with waste activated sludge fed 
to digestion will automatically result 
in a thin digested sludge. This is 
logical because the specific gravity of 
the solids before and after digestion 
depends on the amount of organic mat- 
ter in the original sludge. The specific 


gravity of solids increases in digestion. 
In destroying 65 per cent of the vola- 
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tile matter in two primary sludges 
having, for example, an initial vola- 
tile percentage of 80 and 60, respec- 
tively, the gain in the specific gravity 
of the solids in the latter heavy raw 
sludge is 50 per cent greater than is 
the ease of the former thin mixed pri- 
mary and waste activated. 

With good destruction of volatile 
matter in digestion, both second-stage 
digestion tanks and elutriation tanks 
should serve as solids concentration 
tanks or sludge thickeners. This di- 
minishes the ratio of fouled water to 
solids and acts to diminish the liquid 
demand for chemicals. This explains 
why some digested sludges of rather 
high alkalinity and high solids con- 
tent have a lower chemical requirement 
than do others of similar alkalinity but 
higher moisture content. Also, an 
examination of most elutriation instal- 
lations having ample sedimentation 
capacity and washing solids of a 
fairly high specific gravity will show 
that the solids concentrate to a heavier 
sludge in elutriation than in diges- 
tion. Dilution with fresher water in 
elutriation automatically lessens the 
buoyant effect of dissolved digestion 
gases on the solids, because these gases 
vo into solution, and also reduce the 
viscosity and density of the fouled 
water surrounding the solids. Back- 
meyer (3) experimented with elutri- 
ation in the second stage of digestion 
at Marion, Ind., for this purpose and 
for the production of clear digester 
supernatant. Previously the writer 
(4) described the use of elutriation for 
removing suspended solids from di- 
gester supernatant either within or be- 
yond second stage digestion. 

In order to obtain the best economy 
out of elutriation in the ease of thin 
digested sludges, not only larger elu- 
triation space but purer elutriating 
water are required than with heavy 
sludges. To contain a ton of digested 
solids it takes about 445 cu. ft. of a 
sludge having 7 per cent solids of 
about 35 per cent volatile, and over 
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double this amount (905 cu. ft.) of a 
sludge having 3.5 per cent solids of 
about 58 per cent volatile. It is actu- 
ally the moisture content of the di- 
gested sludge going to elutriation 
rather than that of the final elutriated 
sludge that influences the size of elu- 
triation settling tanks. 

As to factor No. 3, the alkalinity of 
the wash water used, in any plant we 
are limited to the cheapest available 
supply of water of minimum alkalin- 
ity. At Hartford, Conn., Springfield, 
Mass., and Cranston, R. I., water is 
taken from wells used for ground 
water drainage. At Washington, D. 
©., Potomae River water is used, while 
in other plants final effluent from the 
treatment system is used. In all of 
these instanees the alkalinity varies 
from about 60 to 300 p.pm. The 
lower limits are represented by the 
river and well water supplies. Obvi- 
ously, such water is of the most benefit 
to all types of digested sludges. A 
plant effluent of 250 p.p.m. alkalinity, 
however, works remarkably well on 
heavy digested sludges. 

The alkalinity of the digested sludge 
will be found to vary from 2,000 to 
3,000 p.p.m. with ample digestion 
space and good digestion tank oper- 
ation. In plants digesting ground 
varbage, packinghouse waste, and 
brewery waste along with normal sew- 
age sludge, alkalinities may reach 
6,000 p.p.m. Five thousand p.p.m. has 
been recorded at Winnipeg, Can., and 
6,000 p.p.m. at Cranston, R. I. In 
operating with insufficient digestion at 
Baltimore the alkalinity is about 4,200 
p.p.m. In planning elutriation a safe 
average is 3,000 p.p.m. 

In removing the major fraction of 
this alkalinity the washing method 
used and amount of water used com- 
bine to produce the desired result. 
The washing method used is of prime 
importance. Essentially there are 
three practical methods of acecomplish- 
ing the washing of sludge solids, 1.e.: 
single stage elutriation involving a 
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single sedimentation tank with a single 
dilution, sedimentation and decanta- 
tion step; two stage elutrition, involv- 
ing repetition of the single stage on the 
same solids with fresh water, requir- 
ing twice as much or more water than 
single stage; and, finally, cownter-cur- 
rent elutriation in at least two tanks 
operating in series. This also involves 
two stage washing but with a material 
difference. The settled sludge col- 
lected in the first stage tank (No. 1) 
is pumped to a second tank (No. 2— 
See Figures 3 and 4) while the over- 
flowing decanted supernatant from 
the two tanks progresses in the oppo- 
site direction. The fresh water is 
added only to the sludge pumped into 
second stage washing and the decanted 
top water of relatively low alkalinity 
from No. 2 tank flows by gravity to 
mix with the sludge moving from di- 
gestion to the first tank. This proced- 
ure effects a maximum reduction in 
sludge alkalinity with a minimum 
quantity of fresh water. 


Single and Two Stage Washing Vs. 
Counter-Current in Small 
Plants 


Because counter-current elutriation 
requires at least two tanks or tank com- 
partments does not mean that it re- 
quires twice the tank space that could 
be used for single stage washing. It 
may even take less space if a fairly 
good removal of the fouled sludge mois- 
ture is desired. 

Mathematical equations for solving 
the relative efficiences of the various 
sludge washing methods with relation 
to factors 3 to 6 have been recently 
published (5) and are of value in de- 
termining the choice of washing 
method for small plants. For ex- 
ample, when washing by the counter- 
current method a digested sludge of 6 
per cent solids and 3,000 p.p.m. alka- 
linity in 3 volumes of plant effluent of 
250 p.p.m. alkalinity, about 85 per 
cent of the undesired sludge alkalinity 
is removed. In this case there are 4 
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total volumes of water and sludge in- 
volved in each of two tanks, which is 
equivalent in tank space to 8 volumes 
in one tank when using a ratio of 7 to 1 
by single stage washing. This single 
stage washing with the same water 
would remove less of the undesired 
sludge alkalinity, 7.e., 81 per cent. 
No tank space is saved. Tank space 
can be saved by using, for example, a 
5 to 1 single stage ratio, 7.e., 6 total 
volumes. However, this is at the ad- 
ditional cost of efficiency. In this ex- 
ample it drops the alkalinity removal 
to 77 per cent and increases the water 
pumping cost. By using two stage 
washing in this smaller tank space the 
efficiency may be increased, but this 
obviously requires twice the time. 
Two tanks in simultaneous counter- 
eurrent usage not only increase the 
overall efficiencies in alkalinity removal 
but decrease tank space, amount of 
water pumped and time. 

Whereas the removal of 85 per cent 
and more of the fouled sludge moisture 
is of economic importance in large in- 
stallations due to the large quantities 
of sludge washed, dosed and filtered, 
in plants handling fairly heavy di- 
gested sludge and serving 20,000 to 
30,000 population the difference be- 
tween removing 77 per cent of this 
moisture by single stage and 85 per 
eent by counter-current is not very 
important. This depends largely on 
the local price of chemicals. For ex- 
ample, with ferric chloride at $72 per 
anhydrous ton the difference between 
the two foregoing washing methods 
may mean but $50 annually in a plant 
serving 20,000 population. Obviously, 
with ferric chloride at half this price 
the difference becomes even smaller. 
Furthermore, with well washed heavy 
sludge cheaper coagulants like alum 
and ferric sulfate may be used as 
demonstrated at Springfield and An- 
napolis. Therefore, the local price of 
chemicals plays a definite role in the 
choice of washing method in small 
plants. 
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Capacity and Dimensions of Settling 
Tanks 


The total space required for elutri- 
ation settling varies from 0.02 to 0.2 
cu. ft. per capita, or from 2 to 10 per 
cent of the space required for diges- 
tion. The variation comes from such 
of the foregoing factors as operating 
schedule, pounds of digested solids per 
1,000 people served, sludge volume con- 
taining a pound of sludge solids, 
desired efficiency of removal of fouled 
sludge moisture, and alkalinity of the 
water used. For reasons already dis- 
closed the combination of thin sludge 
and short operating schedule accounts 
for the higher figure. Furthermore, 
to obtain a fairly high washing effi- 
ciency even in counter-current prac- 
tice when using plant effluent of 300 
p.p.m. alkalinity, 50 per cent more 
water and tank space may be necessary 


than is the case when using wash 
water having an alkalinity of 150 
p.p.m. Fortunately, increasing the 


tank space from 1,000 to 1,500, or from 
2,000 to 3,000 eu. ft. is a minor item 
in small plants. 

The dimensions for continuously 
operated elutriation settling tanks 
should be determined from about a 
3-hour detention period under maxi- 
mum sludge and water loading con- 
ditions. Three-hour detention pro- 
vides for at least 2 hours free settling 
space above a reserve sludge blanket 
or supply sufficient to keep the filters 
operating steadily for a few hours. 
The amount of solids settled and ac- 
cumulated in this reserve depends 
primarily on the horizontal tank area. 
The amount of the reserve sludge 
storage and the free settling depth 
above same then depend on the tank 
area and depth. Practice indicates 
that the reserve sludge accumulated 
in a tank should not exceed one-third 
of the tank depth. The maximum 
sludge loading conditions should be 
made up of the maximum cubic feet of 
digested sludge expected per operat- 
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ing hour at the ultimate population 
service and the expected minimum 
solids content. To this maximum 
quantity of digested sludge must be 
added at least 3 volumes of wash 
water for counter-current washing in 
companion tanks, or 5 volumes of 
wash water for single-stage washing 
in one tank. Until the plant capacity 
reaches its ultimate design limit the 
foregoing provisions permit using 
much higher elutriation ratios if de- 
sired, especially with heavier average 
sludge. 


Continuous Vs. Intermittent Tank 
Operation 

In using a single tank a question 
may arise in a small plant handling 
relatively heavy digested sludge as to 
whether or not elutriation is to be 
operated continuously or intermit- 
tently. In the former case the dilute 
mixture of sludge and water is fed to 
the tank simultaneously with sedimen- 
tation of washed solids and decanta- 
tion of supernatant elutriate. In the 
latter case the single settling tank is 
operated on the fill-and-draw batch 
treatment principle. 

In a continuously operated tank the 
supernatant elutriate overflows the 
constant level weir in proportion to 
the rate of feeding. In order to keep 
the decanted overflow relatively clear 
the feeding rate is such that the rate 
of total liquid rise in the tank is 
definitely less than the rate of sub- 
sidence of the top solids in the tank. 
Depending on the operating schedule 
and the nature of the sludge being 
washed, continuous elutriation may or 
may not operate simultaneously with 
vacuum filtration. The accumulation 
of washed sludge in the tank starts 
previous to vacuum filtration and is 
continued until a sludge reserve suffi- 
ciently uniform and heavy for steady 
filter operation results, at which time 
the vacuum filter is started and sim- 
ultaneously operated with elutriation 
if desired. With heavy digested sludge 


SMALL SLUDGE ELUTRIATION PLANTS 31 


the period of reserve sludge accumu- 
lation before filtration may be shorter 
than with thin sludge. 

The fill-and-draw system of elutri- 
ating a sludge in a single tank cannot 
operate simultaneously with superna- 
tant decantation and vacuum filtra- 
tion. The feeding rate of the water- 
sludge mixture to the tank can be at 
any desired rate providing the single 
tank is made large enough to hold the 
dilute mixture for an entire day or 
shift of vacuum filter operation. With 
fairly heavy digested sludge this may 
require little tank space in a plant 
serving 25,000 persons. 

Here the desired amount of sludge 
is drawn from the digestion tank and 
washed either on the day before or 
shift preceding vacuum filtration. The 
operator starts with the tank practi- 
cally empty and fills the tank with 
mixed sludge and water at any desired 
rate. At a fairly rapid rate the tank 
may be full in an hour or two and after 
another two or three hours he will be 
able to decant clear supernatant by 
means of an adjustable overflow 
weir. Fill-and-draw tanks should be 
equipped with any of the various 
common types of adjustable superna- 
tant draw-off devices, 7.e., swivel or 
telescoping pipe with a floating weir. 

As most digested solids when di- 
luted with fresh water will settle back 
to the original solids concentration in 
two hours time, two stage washing may 
be resorted to if ample time remains 
after giving the sludge a single wash. 
In this case the sludge accumulated 
through the first wash may be recir- 
culated back into the same fill-and- 
draw tank with a new batch of water. 
In either case the remaining concen- 
trated sludge constitutes an entire 
filter operating day’s sludge supply. 

In all types of tanks the storage of 
some washed sludge ahead of vacuum 
filtration is essential to providing a 
flow of sludge having uniform charac- 
teristics to the vacuum filters. In 
every installation, regardless of tank 
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system and washing method, washing 
operations necessarily start in advance 
of filtration. Furthermore, as most 
installations provide for an average 
operation schedule of 15 per cent of 
the total available time, the off-period 
for both elutriation and vacuum fil- 
tration averages 85 per cent of the 
available time. Consequently, pro- 
vision has always been made for re- 
washing any sludge reserve left in the 
elutriation system before beginning 
filter operations. With any single 
tank this is just as simple an operation 
as with a dual tank system because 
whatever recirculation may be neces- 
sary is usually confined to the second 
or final tank. 

Taking all of the foregoing factors 
into consideration it may be generally 
stated that with a filter operating 
schedule calling for 8 hours or less per 
operating day, not over 5 operating 
days weekly, and a well digested sludge 
containing an average of more than 
6 per cent solids, and using a water 
of fairly low alkalinity (average of 
200 p.p.m. or less), the continuously 
operated single tank may be somewhat 
cheaper to install for 30,000 and less 
population service. In single tanks 
serving less than 75 per cent of this 
population, 7.e., tanks having about 
150 sq. ft. and less horizontal cross 
section, a single fill-and-draw tank will 
probably be preferable to a continu- 
ously operating tank. With such 
small tank cross-sections and dimen- 
sions continuous feed and overflow 
may result in the tank being too sen- 
sitive to eddy currents and less subject 
to quiescent settling, with a consequent 
increase in suspended solids in the 
tank overflow. It has been the writ- 
er’s observation that the supernatant 
elutriate drawn from a fill-and-draw 
tank is considerably clearer than that 
from most continuous flow tanks. 

With sludges containing less than 
an average of 5 per cent solids and 
using plant effluent for washing, the 
companion counter-current tank sys- 
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tem may prove cheaper to install and 
operate, even in installations serving 
25,000. The same is true when the 
vacuum filters are operated 14 to 16 
hours daily in conjunction with heat 
drying or sludge incineration equip- 
ment. 


Sludge and Water Pumping and 
Metering 


Wash Water Pumps—Type 
and Capacity 

Any reliable make of variable ca- 
pacity centrifugal pump is satisfac- 
tory for delivering water to elutria- 
tion mixing and_ settling. With 
continuously operated tanks the ca- 
pacity should be variable from zero to 
at least 1.5 times the estimated maxi- 
mum rate requirements in order to 
provide for sludge that may be occa- 
sionally thinner than estimated, or for 
using a higher elutriation ratio if con- 
ditions permit. For use with a fill- 
and-draw tank, pumping may be at a 
much higher rate so that the pump 
capacity will have to be increased ac- 
cordingly. 


Number of Wash Water Pumps 


For the intermittent service common 
to most elutriation installations, and 
especially the small ones, one pump is 
sufficient. 


Sludge Pumps 


Ordinary centrifugal pumps should 
not be used on any sludge going to or 
leaving elutriation because they not 
only frequently clog but tend to chew 
up and destroy the natural sludge 
floc. Bucket elevators are superior to 
all other sludge lifting means but re- 
quire more room and have a higher 
initial cost. Next in order of recom- 
mended types are plunger and ‘‘Scru- 
peller’? pumps. The former will 
handle heavier sludge than the latter 
but will clog more readily. The 
‘*Seru-peller’’ pump will do excellent 
work especially when equipped with 
a vacuum primer. Even with this aid, 
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however, it cannot be used on sludges 
containing low volatile and much over 
8 per cent solids without danger of 
clogging, nor can it be used as a rough 
metering device. 

It is quite essential that any sludge 
elevating or pumping device be of both 
variable capacity and speed. 


Number of Sludge Pumps 


With a single tank system, sludge 
washing on shifts preceeding vacuum 
filtration and gravity feed of digested 
sludge to elutriation, one sludge pump 
or elevator is enough. This pump is 
then used for either returning washed 
sludge back to elutriation (Figure 2) 
or for delivering washed sludge to the 
filter. Where gravity feed of sludge 
to elutriation is not possible another 
similar pump may be required. 

With gravity feed of digested sludge 
to elutriation and the use of companion 
tanks in counter-current operation, 
two pumps will be required: one for 
moving the sludge from the first to the 
second washing compartment, called 
the return sludge pump, and one for 
delivering washed sludge to the 
vacuum filters (see Figures 3 and 4). 


Capacity 

The capacity of sludge elevating or 
pumping equipment should also be 
variable from zero to at least 1% times 
the estimated maximum requirements. 


Sludge and Water Metering 


In order to obtain the best efficiency 
with any elutriation installation a 
fairly constant ratio of water to sludge 
should be maintained in the dilute mix- 
ture flowing to the settling tanks. 
This means the provision of fairly re- 
liable flow rate controls. Water is al- 
ways easily metered and usually the 
installation of variable capacity pump- 
ing equipment for sludge permits easy 
control of same. 

In small installations, however, the 
sludge metering methods usually differ 
from those used in large installations 
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where the use of more elaborate equip- 
ment is practical, 7.e., the use of ven- 
turi meters with motor operated plug 
cone valve rate controllers and ad- 
justable rate setters on the downstream 
side of the venturis. Due to the heavy, 
sluggish nature of well digested pri- 
mary sludges and such elutriated 
sludges, the minimum permissible 
throat diameter for venturi metering 
is about 2%4 inches. At sludge flow 
rates common to small plants, 7.e., from 
40 down to 10 g.p.m. the velocity of 
sludge flow through a 2%4-inch throat 
may become too low to permit meter 
readings. 

Where bucket elevators are used for 
transporting sludge, revolution coun- 
ters, with known bucket capacities and 
number of buckets dumped per hour, 
provide an easy method of metering 
sludge providing the buckets are 
hosed down _ occasionally. Where 
plunger pumps are used they will fune- 
tion reliably enough as meters when 
equipped with stroke counters and 
operated at fairly low speed with 
ample plunger stroke. 

All of these devices may be used for 
roughly metering sludge transferred 
by the return sludge pump in the com- 
panion tank counter-current system 
and for transferring sludge to elutria- 
tion from a storage well located be- 
tween digestion and elutriation. If 
the well is equipped with a calibrated 
depth gauge a ‘‘Scru-peller’’ pump 
may be used. Where digested sludge 
ean be delivered directly to elutriation 
by gravity the extra cost of pumping 
merely for the sake of rate control and 
metering should be eliminated. If an 
ordinary telescopic valve with hand- 
wheel regulation may be used for de- 
livering sludge to elutriation, the rate 
control and metering problem becomes 
quite simple. 

This is best exemplified by the An- 
napolis, Md., installation illustrated 
in Figure 1. The sludge storage tank 
converted to a fill-and-draw single or 
two stage elutriation tank has but 650 
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FIGURE 1.—Elutriation at Annapolis. 


valve delivering sludge to the impro- 
vised metering and pre-mixing tank 
(made of a 50-gal. oil drum) which has 
a removable overflow level. The rate 
of flow of sludge into the tank is easily 


eu. ft. settling space, which under 
present operating conditions is about 
0.026 cu. ft. per capita. It has been 
in service for the past six years. As 
shown in Figure 1 the flow of sludge 





from the digestion tank is by gravity 
and is easily regulated by the telescopic 


determined by the time it takes for 
sludge alone to fill the tank space up 





Vol. 18, No. 1 


to this overflow. As in this case the 
capacity of the elutriating water pump 
is constant and can be checked by the 
same method, the rate of sludge flow 
is easily adjusted to the water flow. 
The water-sludge mixing system is 
evident from the drawing. After fill- 
ing the tank the operation is typical 
of such fill-and-draw layouts. Sludge 
and water feed are stopped and after 
the solids have settled the clear super- 
natant is syphoned off through the 
swivel overflow drain. A small plunger 
pump removes the washed sludge from 
the bottom of the tank. It may be re- 
washed if desired or sent direct to the 
conditioning tank which will be de- 
scribed later. 

In such layouts the dilution ratio of 
water to sludge may easily be checked 
by simple sampling and alkalinity ti- 
trations. For example, with D, EF, and 
W representing the p.p.m. methyl or- 
ange alkalinity of the digested sludge, 
elutriated sludge and plant effluent or 
other wash water, respectively, the 
ratio (R) of water to sludge moisture 
for single stage washing is: 


D-E 
E—W’ 


and to convert this ratio to the actual 
ratio of water to sludge, multiply R 
by the fraction of water (per cent 
moisture) present in the _ sludge. 
Thus, with D = 3,000, E = 643, W 
= 100, and 8 per cent solids in the di- 
vested sludge, R is 4.84, and 4.34 x 0.92 
(sludge moisture)= 4, which is the 
ratio of water to digested sludge. 
Other equations for two stage and 
eounter-current washing may be found 
in the reference (5) from which the 
above equation is taken. 





R= 


Mixing of Water and Sludge 


The foregoing instance of the small- 
est and one of the most successful elu- 
triation installations has been repeated 
here to illustrate the simplest method 
of elutriating sludge solids. In larger 
installations, water and sludge are fre- 
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quently mechanically stirred together 
to insure thorough mixing before 
settling. In the first installations, 
rather elaborate mechanical layouts 
and longer mixing times were pro- 
vided. In more recent layouts the 
mixing equipment has become not only 
smaller but the detention time in the 
mixing chamber has been shortened to 
30 seconds. Meantime in a few instal- 
lations, as at Annapolis, it was dem- 
onstrated that turbulent flow condi- 
tions in a baffled launder, or in a 
common pipe leading to elutriation 
settling, as at Washington, D. C., are 
sufficient for good mixing. In small 
installations either of these methods 
should be sufficient. In any case the 
velocity of the diluted sludge in the 
launder or common pipe should, under 
minimum flow and dilution conditions, 
be sufficient to prevent grit from set- 
tling out. Where sufficient heavy grit 
is actually present some mechanical 
stirring in a small pocket or chamber 
in the feed trough of the settling tank 
may be necessary. 

In small installations, mixing sludge 
and water in a common pipe line lead- 
ing to the elutriation tank incidentally 
permits the use of a venturi meter for 
measuring the sludge feeding rate. 
Figure 2 shows such a scheme in con- 
nection with a single stage elutriation 
tank. This is somewhat more elabo- 
rate than the scheme used at Annapo- 
lis, without the baffled launder method 
of mixing, but is more practical for 
determining the ratio of wash water 
to sludge. 

The method of feeding sludge from 
digestion by gravity through a tele- 
scopic valve into a small constant head 
tank, similar to Annapolis, is shown 
in plan and sectional elevation. The 
visible flow of sludge is a material op- 
eration asset. 

With the exception of the venturi 
meter shown at the left in Figure 2, 
the method of mixing water and sludge 
in a common pipe line, after metering 
the water, is taken from the second stage 
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FIGURE 2.—Single tank, square type. 


metering and pre-mixing arrangement 
used at Springfield, Mass. After pass- 
ing through an ordinary 2- or 
inch water meter (with Valves 1 and 
2 open and Valve 3 closed) the wash 
water under pump pressure enters the 
enlarged lateral in a direct line 
through the swedged nozzle. The di- 
gested sludge on its way to elutriation 
meets the water jet in this lateral and 
in proceeding to elutriation both are 
well mixed. The three valves sur- 
rounding the water meter are for cut- 
ting the meter out of service, for 
cleaning, ete., and principally for reg- 
ulating the water flow rate through 
the meter, 7.e., Valve 3 is kept closed 
and Valves 1 and 2 used for regulating 
the water flow through the meter and 
into the sludge. 

The diluted sludge then flows 
through the venturi meter, which is 
not necessarily directly adjacent to 
the outlet of the lateral mixer as indi- 
eated in the diagram. As the actual 


9 
o- 


water rate is determined by the water 
meter, the sludge feeding rate is the 
venturi rate minus the water rate and 
the ratio of water to sludge is equal 
to the water meter volume per hour 
or operating day divided by the ven- 
turi volume for the same period minus 
the water meter volume; at a water 
meter reading of 80 g.p.m. and a ven- 
turi reading of 100 g.p.m. the ratio 
of water to sludge is 80/100 — 80 
or 4. 

Measuring the water-sludge mixture 
in a venturi eliminates the venturi 
throat diameter minimum of 2% 
inches because the sludge is now ma- 
terially diluted. A much higher ve- 
locity of the mixture through the 
throat results and fairly accurate 
readings become possible. 


Types of Elutriation Tanks 


All types of elutriation settling 
tanks, whether large or small, should 
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be equipped with mechanically oper- 
ated sludge collectors. 

With fill-and-draw tanks a_ small 
tank of square horizontal cross section 
with corners filleted near the bottom 
to a eireular bottom and having a cir- 
cular sludge collecting mechanism and 
center feed may prove the cheapest 
kind of econerete structure. If the di- 
vested sludge is thin (below 5 per cent 
solids) a standard Dorreo picket fence 
thickening mechanism may aid in con- 
centrating the washed solids to a 
thicker elutriated sludge. Otherwise, 
with a normally heavy digested sludge, 
any standard radial sludge raking 
mechanism may be used in the square 
tank, or the tank can just as well be 
of longitudinal flow. For fill-and-draw 
purposes such tanks should be equipped 
with a telescoping or swivel decantation 
weir. 

Figure 2 indicates a mechanically 
operated, continuous flow square set- 
tling tank. Valves 4 and 5 on the dis- 
charge of the elutriated sludge pump 
are used for rewashing operations. 
Valve 5 is normally kept closed and 
Valve 4 opened so that the sludge 
pump may deliver washed sludge to 
the vacuum filter. If it is desired to 
refreshen any sludge left in the tank 
over week ends, or to give the sludge 
a second stage wash, Valve 5 is opened 
and Valve 4 closed and the previously 
washed sludge is recirculated back to 
the constant head tank and thence 
with fresh water through the mixing 
pipe back to the settling tank. Dur- 
ing this procedure the flow of sludge 
from the digestion tank is stopped. 

The choice between fill-and-draw 
and continuously operated tanks for 
small plants has already been dis- 
cussed. 

As elutriation tanks for small plants 
vary from 100 sq. ft. to rarely over 
300 sq. ft. liquid surface area, square 
and rectangular tanks are cheaper to 
construct than circular tanks due to 
less expensive form work. However, 
with small tanks constructed of steel, 
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redwood or cypress, circular tanks are 
obviously the cheapest of all. 

With companion tanks operating in 
series, either counter-current or two 
stage washing, the best space economy 
will result from building either rec- 
tangular or square tanks having a com- 
mon dividing wall. Due to simpler 
form work, like in the single tank con- 
struction, they are also considerably 
cheaper to construct in concrete than 
are small circular tanks of equivalent 
settling area. 

Figure 3 illustrates diagrammati- 
cally the special type of companion 
square tank, 7.e., an oblong tank hav- 
ing a center wall dividing it into two 
square tanks similar to Figure 2 with 
similar center stilling well feeding and 
peripheral overflow arrangements. 
The Dorreo picket fence type of thick- 
ening mechanism is also indicated. 

As in all such companion tank ar- 
rangements the peripheral weir over- 
flow of Settling Tank No. 2 is elevated 
8 inches or a foot higher than that of 
Tank No. 1 (see Section A—A) to pro- 
vide for gravity flow of supernatant 
elutriate from No. 2 to No. 1. The 
sludge and wash water destined for 
Tank No. 2 are mixed as already de- 
seribed. With such a mixing arrange- 
ment the overflow weir and launder 
system of Tank No. 2 may extend 
around four inner sides of this tank 
compartment instead of 3 sides where 
mechanical mixing is used, as at Crans- 
ton and Stamford. As the weak elu- 
triate overflowing this tank compart- 
ment cannot be very well mixed with 
the incoming digested sludge in a com- 
mon pipe header, one of the upper 
sides of Tank No. 1 is reserved for a 
mixing channel equipped with baffles 
or other mixing means. 

The operation of this system is just 
as simple as single stage washing and 
really simpler than intermittent wash- 
ing in one tank, even though intermit- 
tent washing produces the clearest 
supernatant. In starting operations 
both tanks are filled with wash water 
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FIGURE 3.—Counter-current in companion square tanks. 


and water at the desired flow rate is 
kept flowing into Tank No. 2 which 
provides overflow to the Tank No. 1 
mixing channel where it meets the 
sludge coming from digestion through 
its rate controller in larger installa- 
tions, or the telescopic valve and 
metering box shown in the detail for 
small installations (Section B-B). 
This small tank or box merely fune- 
tions as a digested sludge feed tank 
in which the telescopic valve is located 
and may occasionally be used as a 
metering tank. For this purpose the 
box may be calibrated in gallons per 
inch and whenever desired the plug 
valve may be inserted in the bottom 
outlet and the rate of sludge flow 
measured, Normally the bottom out- 


let of this feed box is left open. The 
rate of Tank 2 overflow is determined 
from the water meter reading as al- 
ready noted. Both this overflow and 
incoming digested sludge are mixed 
in the Tank No. 1 mixing channel and 
proceed to Tank No. 1 where the sol- 
ids settle out. When a foot or so of 
settled sludge is collected in Tank No. 
1 the return sludge pump is started 
at the desired rate and after mixing 
with the fresh water flows to Tank 
No. 2. 

For this operation Valves 3 and 6 
are normally closed and the others kept 
open. With a stroke counter on the 
return sludge pump (or revolution 
counter on a bucket elevator) and a 
fairly accurate calibration of the 
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pump capacity at various speeds the 
venturi meter may be_ eliminated. 
However, such a device offers a good 
check on the sludge pumping rate and 
elutriation ratios. With the sludge 
streams (proceeding to Tank No. 1 and 
being pumped to Tank No. 2) flowing 
at somewhere near the same rate true 
counter-current washing equilibrium is 
soon established. With a sufficient re- 
serve blanket of sludge in both tanks 
sludge is started moving to chemical 
conditioning and vacuum filtration. 

The purpose of Valves 4 to 8, inclu- 
sive, is to transfer the washed sludge 
to various places in the system and for 
sludge recirculation and washing after 
prolonged shutdowns, when any sludge 
left in Tank No. 2 may become too 
heavy for proper conditioning. It is 
then recirculated back to No. 2 by 
closing Valves 5 and 7, and opening 
Valves 4, 6 and 8 with fresh water en- 
tering the mixing system and using the 
return sludge pump. This is contin- 
ued until the sludge is sufficiently re- 
washed. 
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The main features of this compact 
arrangement of companion square 
tanks with picket fence thickeners and 
with mechanical mixers operating in 
mixing troughs for both settling tanks 
and different sludge metering is best 
represented by the installations at 
Cranston, R. I., where the idea was 
first developed and used, and at Stam- 
ford, Conn. Here the two compart- 
ments of an old Imhoff tank system 
were converted to continuously oper- 
ating elutriation tanks of this type. 

Figure 4 shows the adaptation of the 
same counter-current flow, metering 
and pumping system and tank struc- 
tural features to mechanically oper- 
ated longitudinal flow and sludge col- 


lection in rectangular tanks. This 
diagram adapts the open overflow 
launder system of the square com- 


panion tank layout to the dual rec- 
tangular layouts at Washington, D. C., 
Hartford, Conn., San Francisco, Calif., 
and Springfield, Mass., with a econse- 
quent simplification of their elutriate 
piping. The most compact rectangu- 





>B 











Elutriated Sludge 


to Filters 





+ | Settling Tank 


Nee 


LW. 
3 
i 
=} 





Wash Water foe 
| 


-_~~_— + 





rasa sususeeus 





a} 














Qettling Tank Net 


Studge Feed Control ~ 




















Digested Sludge to Elutriation 
PLAN 


Water-Sludge Metering to 
Saving tana Ne 29 


Ot Sludge Met 
—1-B udge Metering 
| -={e7 or Rate tonet” 
























- 
= rh |. 


Return Sludge Pump 





SECTION B-B 





Section A-A 











FIGURE 4.—Counter-current in companion longitudinal tanks. 








40 SEWAGE WORKS JOURNAL 


lar tank layout is that of Springfield, 
Mass. 

In Figure 4 the dividing wall be- 
tween the companion tanks is formed 
at the top into an open launder with 
a bottom sufficiently inclined to insure 
a rapid flow. As shown in the plan 
view the sludge drawn and measured 
from digestion can flow into this laun- 
der at any desired point along its 
length and become thoroughly mixed 
with the overflow leaving Tank No. 2 
either by baffles or mechanically as in- 
dicated at ‘‘m.’’ 

On account of visibility and accessi- 
bility the open launder system of Fig- 
ures 3 and 4 is preferred for return- 
ing counter-current elutriate. Even 
where sludge and fresh water are 
mixed in the common fitting for single 
and companion tanks this mixture 
should become visible in some small 
mixing compartment located directly 
at the head of the settling tank. This 
permits any plant operator to see at 
a glance if either sludge or water has 
ceased flowing. 

Regardless of the size of the plant in 
using longitudinal flow tanks, experi- 
ence favors fully submerged sludge 
collectors as indicated in Section A—A 
of Figure 4 and only one sludge well 
outlet in each tank compartment as 
indicated in Section B-B. 

The longitudinal flow tank offers 
certain advantages in cases where the 
digested sludge fed to digestion is 
heavy, 1.e., contains 50 per cent or less 
volatile matter. As before mentioned 
the best example of this type is at 
Springfield, Mass., where the digested 
sludge is easily concentrated from 
about 8 per cent to 15 per cent solids. 
In continuous flow tanks having less 
than 100 sq. ft. of tank area, a longi- 
tudinal tank having a length at least 
2.5 times the width may be of some 
advantage in preventing solids entrain- 
ment over the end weir. However, 
with properly operated small square 
tanks the longer overflow weir length 
means a smaller velocity of overflow 
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approach. Due to the bottom corners 
being filleted in the square tank layout 
some tank volume is lost and the ca- 
pacity should be slightly increased 
over that required for rectangular 
tanks. 

The square tank system equipped 
with the picket fence thickening 
mechanism offers advantages for instal- 
lations serving 25,000 and more popu- 
lation where relatively thin sludges 
are washed, 1.e., 5 per cent and less 
solids. 


Sludge Conditioning and Vacuum 
Filtration 


Some of the advantages gained 
through sludge elutriation may be lost 
with the improper installation of dos- 
ing equipment and vacuum filters. As 
but one chemical is used in dosing elu- 
triated sludge, such as, in the order of 
effectiveness, ferric chloride, chlori- 
nated copperas, ferric sulfate and 
alum, the definite nuisance and bother 
incidental to the use of lime are 
eliminated. Consequently the dosing 
method and equipment should be as 
conveniently small as possible and the 
piping between the dosing tank and 
filter as short and as simple as possible. 


Chemical Solution 


In most small installations, and fre- 
quently in larger ones, the use of erys- 
tal ferric chloride is preferred to the 
commercial solution. The crystal is 
dissolved and the solution stored. 
Usually enough solution is provided 
for about a week’s filter run. The 
strength of the solution should be 
searcely less than 15 per cent (10.61 
lb. anhydrous ferric chloride per cu. 
ft.). If one desires to store more dis- 
solved chemical in a given space the 
erystal solution should scarcely exceed 
40 per cent (35.41 lb. anhydrous per 
eu. ft.). On this basis 30 ecu. ft. of so- 
lution storage space will hold enough 
ferric chloride to dose at least a ton 
of elutriated sludge solids per filter 
operating day for at least five days 
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when using a 15 per cent solution, for 
10 days when using a 25 per cent so- 
lution and 18 days when using a 40 
per cent solution. At the average 
dose used during the last four years 
at either Annapolis or Springfield the 
above periods could be doubled. Thus, 
for an installation filtering about 1.5 
tons of elutriated digested solids per 
operating day (about 25,000 popula- 
tion) and 220 operating days yearly, 
the solution storage space would be 
about 45 eu. ft. 

This solution should flow by gravity 
to the automatic feeder and condition- 
ing tank. The best and least expen- 
sive method of piping this solution was 
developed at Hartford, namely, through 
a chemical rubber hose equipped with 
a hard rubber shut-off cock and sup- 
ported in a sufficiently large electric 
wiring conduit. 

The automatic chemical feeder de- 
livering carefully metered ferric or 
alum solution to the sludge in the fer- 
ri¢ mixer (conditioning tank) should 


SMALL SLUDGE ELUTRIATION PLANTS 41 


also deliver all of its contents to the 
sludge under gravity head. In large 
and small installations the precision 
volumetric type (Omega or equiva- 
lent) is preferred for this purpose. 
Its supply tank should be large enough 
to hold a full day’s supply of ferric 
chloride, 7.e., about 100 gallons for 
25,000 population. The mechanically 
actuated feed syphon should be capable 
of delivering from zero to the desired 
maximum volume of solution per hour 
and the tank should have an accurate 
volumetrie gauge showing the exact 
contents of the tank over its full range 
of depth. 


Mixing of Chemical with Sludge 


As we have progressed in dosing elu- 
triated sludges the equipment for mix- 
ing chemical and sludge has become 
smaller and smaller. Today the ac- 
tual conditioning space and stirring 
mechanism used for mixing chlorinated 
copperas solution and sludge for half 
a million population at Baltimore is no 
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larger than that originally required 
for 50,000 population. 

Chemical dosing or sludge coagula- 
tion in its simplest form is shown in 
Figure 5. The entire coagulating 
space is about 14 gallons and the de- 
tention period of sludge and ferric in 
this space is normally about 45 seconds. 
The jetting of the small stream of fer- 
rie (now a solution of ferrie sulfate or 
Ferrifloc) into the caseading sludge 
stream serves to produce rapid coagu- 
lation. MeDonald found that floceu- 
lation of elutriated sludge with alum 
solution at Springfield had to take 
place in a similar manner (6). 

Figure 6 shows a type of mechanical 
mixer suitable for installations serv- 
ing from 15,000 to half a million popu- 
lation. It is purposely designed to 
keep sludge flow and mixing visible 
at all times. The dimensions for the 


larger population figure need be but 


little larger than those indicated on 
the drawing. Due to the minimum 
practical size of sludge delivery lines 
to the conditioner or mixer and then 
to any filter, the size of the mixer is 
limited to about 15 inches wide. This 
type is the result of experience gained 
at Annapolis and about 4 other larger 
plants. It is quite similar to the re- 
cent layout at Stamford, Conn., with 
the ferric feeding arrangement used 
at San Diego, Calif. 

The ineoming elutriated sludge 
passes under a baffle, through a small 
mixing chamber, over a removable 
bulkhead, and then directly to the 
filter tank. An adjustable sludge 
overflow weir for unconditioned sludge 
is provided adjacent to the point of 
introducing the sludge to the mixing 
trough. This is done to avoid wast- 
ing chemical. 

Every filter is equipped with a max- 
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imum sludge level overflow at the end 
of the filter tank. Overflowing sludge 
at this point not only means a waste 
of conditioned sludge, but operation of 
the filter at the most inefficient cake 
building and drying level. The small 
adjustable overflow weir has its low- 
est overflow opening at least 3 inches 
below the filter overflow. Any sludge 
feed reaching this level overflows be- 
fore it is dosed. With proper dosing, 
filter speed and bridge setting on the 
automatic filter valve, sludge will 
rarely overflow from this weir or from 
the filter itself. 

The ferric mixer speed may be con- 
stant if desired (about 30 or 40 
r.p.m.) but is preferably variable from 
20 to 80 r.p.m. 

Experience with dosing fairly heavy 
sludges has definitely taught that the 
ferric solution should be fed into the 
sludge under submergence and about 
as shown in the three tank views of 
Figure 6, 7.e., just after the inflowing 
sludge passes under the first baffle and 
enters the actual mixing chamber. 
Furthermore, as the sludge may be 
too heavy for effective mixing with the 
chemical solution, water should be in- 
troduced. The method of doing this 
shown in Section B-B of Figure 6 is 
quite effective, 7.e., directly where the 
ferric enters the sludge. This pro- 
vides for two important conditions, 
such as quicker distribution of the so- 
lution through the sludge, and due to 
the inereased velocity of the dilute 
solution through the glass tube the end 
of this tube is kept thoroughly flushed 
out. In some instances when not using 
water the end of the ferric feed tube 
becomes plugged with coagulated 
sludge. 

Every filter operator should be able 
to see at a glance if ferric with or 
without water is feeding into the 
sludge. This is the purpose of the 
sight glass in the rubber tubing lead- 
ing from the feeder to the ferric 
mixer, and the glass tee at the bottom 
water and ferric mixing connection. 
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The glass tubing may be of Pyrex or 
heavy walled boiler gauge glass. 

As tap water is best for diluting the 
ferric entering the mixer it should ob- 
viously be drawn from a small constant 
head tank located above the feeder and 
equipped with a float controlled inlet 
valve out of all contact with the con- 
tents of the tank, in order to avoid 
any danger of cross connections. 

In starting a filter the sliding bulk- 
head at the end of the mixing cham- 
ber is shoved down in place and the 
agitator, sludge feed and chemical 
feed started. The thoroughly econdi- 
tioned sludge mixture overflows the 
bulkhead and proceeds directly to the 
filter. After the sludge level in the 
filter is sufficiently high for regular 
operation the conditioned sludge will 
automatically back up to a common 
working level in both the mixer and 
filter so that the mixing paddle re- 
mains submerged. Then the bulk- 
head is lifted and left up during the 
complete filter run. 


Piping for Conditioned Sludge 


For reasons elsewhere emphasized 
(7) and indicated on the lower left 
hand corner of Figure 6, the econdi- 
tioned sludge should be fed quickly 
and directly through a straight pipe 
directly into the filter tank. This can 
be either at the end of the filter or into 
the side as shown in the two plan dia- 
grams of Figure 7 where the single 
conditioning tank is located equidis- 
tant between two filters. This ar- 
‘angement may be variously adapted 
to one, two and three filters. Its pri- 
mary aim is to eliminate unnecessary 
storage of dosed sludge in transit to 
any filter, frictional traffic jams due 
to the sluggish flow of coagulated 
sludge in any pipe and unnecessary 
delay in filtering dosed sludge. 

At Annapolis the flash conditioned 
sludge flows into one end of the small 
65 sq. ft. filter and is then distributed 
back of the drum by overflowing an 
open trough. At Springfield, Mass., 
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FIGURE 7.—Feeding conditioned sludge to two filters. 


Cranston, R. I[., and San Diego, Calif., 
the conditioned sludge likewise feeds 
into one end of each of the two filters 
used. At Stamford, Conn., the feed 
is into the side of the tank. Here 
three units are installed parallel with 
the conveyor belt and each unit is 
equipped with its individual ferric 
mixer located at the back of the filter. 

With end filter tank feeding as in 
Diagram No. 1 of Figure 7 the filters 
should be definitely able at all times to 
operate at a low submergence level in 
order that the sludge agitators may 
readily distribute the sludge through- 
out the filter tank. Otherwise the cake 
will be thicker at one end of the filter 
drum than at the other. 

The layout in Diagram No. 2 shows 
the use of a ribbon conveyor for 
evenly distributing sludge cake on the 
conveyor belt passing over a weightom- 
eter to a heat dryer or incinerator. In 
the writer’s opinion there are simpler 


methods of doing this, thus permitting 
the filters to parallel the cake conveyor 
belt as in Diagram No. 1. An ex- 
ample of such simpler practice may be 
found in the simple eake distributor 
used at Hartford, Conn. 

The layout of Figure 7 is roughly 
proportioned for two 65- or 75-sq. ft. 
filter units, either one of which ean 
easily drain the elutriated sludge from 
25,000 population at the normal 5-day 
weekly schedule of 6 or 7 hours per 
day. With two larger units capable 
of handling the elutriated digested 
sludge from half a million population 
on a 12- to 16-hour operating day 
schedule the size of the conditioning 
tanks will increase but little in floor 
space dimensions and the layout will 
evidently become more compact. In 
such larger filter units side feeding 
is preferable. 

In all elutriation installations both 
the surplus filter feed overflow from 
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the conditioning tank and the filter 
drainage left after any filter run and 
during showering of the drum should 
be piped back to the mixing trough of 
a single stage elutriation tank or to the 
mixing trough of the second settling 
tank in the companion tank layout. 
This keeps all digested solids out of the 
plant primary system and provides for 
relatively immediate disposal. Like- 
wise the filtrate from the vacuum 
filters should flow to elutriation. It 
contains some iron salts, has a very low 
B.O.D. and should be of some value in 
elutriation. 

The supernatant elutriate is normally 
conveyed back to primary sedimenta- 
tion and may flow directly to trickling 
filters where such are present, or it 
may be partially or completely by- 
passed to the plant effluent. With 
ample elutriation space and time the 
B.O.D. of the elutriate will normally 
be found less than that of the influent 
to a primary treatment plant because 
the B.O.D. of digested supernatant is 
associated with suspended solids which 
may be rather high in straight super- 
natant and considerably lower in the 
elutriate. With elutriating water of 
50 p.p.m. or less B.O.D. the elutriate 
in a primary treatment plant may be 
short cireuited to the effluent without 
appreciably increasing the B.O.D. of 
same. 


Labor, Power and Installation 

In a small plant the operator or his 
assistant has ample time in which to 
inspect occasionally and care for the 
operation of the few elutriation equip- 
ment items. Continuous counter-cur- 
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rent washing in a companion tank 
does not require any more attention 
than does single stage washing, and 
perhaps less attention than fill-and- 
draw operations. Although one more 
sludge pump may be required for 
counter-current operations, there is ma- 
terially less water and power required 
per ton of solids washed. The best 
adaptation of the elutriation equip- 
ment relative to the digestion tanks, 
water supply and filters in the hy- 
drauliec profile mean more than do rela- 
tive pumping costs for water in small 
installations. As noted at Annapolis, 
the cost of pumping ample elutriating 
water for single or even two stage 
washing is but 13¢ per operating day 
with power costing 3%¢ per kwh. 
With power at a cent a kwh. this would 
be less than 4¢ per operating day. 


Location of Tanks 


In small plants it is particularly im- 
portant to have the elutriation layout 
as close as possible to the vacuum filt- 
ers. Much is gained in initial installa- 
tion cost and convenience of operation 
by having the elutriation system lo- 
cated in the basement of the building 
housing the vacuum filters and directly 
beneath the filter floor. In this case 
special excavation for the elutriation 
tank or tanks is unnecessary and the 
piping from elutriation to the filter 
and back is the simplest possible. A 
floor grating may also be installed over 
the elutriation tank with the driving 
mechanism for the elutriation sludge 
collector located on the filter floor and 
in full sight of the filter operator. 
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PRELIMINARY GREENHOUSE STUDIES OF DIGESTED SLUDGE 
AS A FERTILIZER * 


By Hersert A. Lunt 


Connecticut Agricultural Experiment Station 


Thanks to the persistent efforts of 
L. W. Van Kleeck, the energetic Sec- 
retary-Treasurer of this association, 
we have become interested in sewage 
sludge as a fertilizer and have been 
able to make a few studies in the 
greenhouse. Lack of time and facili- 
ties have prevented our carrying out 
more complete investigations inside, 
and any at all in the field. It is not 
the purpose here to discuss the merits 
and demerits of sludge for use on the 
land, nor to go into the literature on 
the subject; rather, this paper will 
merely report the results obtained 
from the use of digested sludge from 
several Connecticut sources when ap 
plied in greenhouse pots. 


pH Changes in Sludge and Sludge- 
Treated Soils 


Inasmuch as sludges vary widely in 
pH, depending upon type of treatment, 
the first question that came to mind 
was ‘‘what is the effect of alkaline 
sludges on soil reaction?’’ On the 
afternoon of March 19, 1943, a sample 
of lime-conditioned sludge from the 
New Haven Sea Street plant was re- 
ceived at our laboratory through the 
courtesy of K. E. Foote, laboratory 
engineer. The sample tested pH 10.9 
at the plant, and 11.98 at the labora- 
tory immediately upon receipt. Part 
of the sample was then spread out in a 
large evaporating dish; the remainder 
was left enclosed tightly in the paper 
bag in which it came. 

Subsequent tests made after 18 
hours (1 day), and 3, 5 and 8 days 


* Presented at Sixteenth Annual Meeting 
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gave the results shown in Figure 1A. 
The extremely high pH was due mostly 
to the ammonia present which vapor- 
ized rapidly when the sludge was ex- 
posed, but at a relatively slow rate 
when confined in a paper bag. Pre- 
sumably, further changes are slight 
and take place slowly. By the time 
such sludge is spread out in the field, 
its pH has dropped markedly. 

The next step was to treat a soil 
(Cheshire fine sandy loam) with alka- 
line sludge at the rate of 10, 20 and 40 
tons per acre, and ascertain the changes 
in the soil reaction. The soil was not 
cropped. The data in Figure 1B show 
that the original soil pH of 4.8 was 
changed but slightly by the ten-ton 
application, and in only one case did 


it get above 6.5. The averages for the 


4 determinations for the different 
rates were: 

DY AE os ne rd Siero ae 4.835 

END ANSENES cc cious Stee ais boand Eos Sarees 4.97 

OE Ge ae es See ane eee ere ee 5.44 

BY RADII) Sec hen bo ax few ate ea 6.13 


No reason is known for the some- 
what erratic behavior of soil treated 
with the highest rate aside from pos- 
sible sampling error. Soil tests showed 
that the higher rates were reflected in 
an inerease in available calcium and a 
decrease in available aluminum, as 
would be expected. 

Turning now to cropped soiis, tests 
made on the soils used in Experiment 
I (to be described) three months after 
sludge treatment, gave the data shown 
in Figure 1C, in which it is seen that 
the pH increases more or less directly 
with the increase in rate of applica- 
tion. In this case the sludge was not 
highly alkaline but had a pH of 7.2 to 
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FIGURE 1.—Effect of Sludge on pH. 


A. pH of fresh New Haven sludge (PL—plant lab.; all other tests at Expt. Sta. lab.). 


B. pH of soil after adding alkaline sludge. 


No crop. 


C. pH of cropped soil after three months (NH—New Haven sludge; M—Middletown 


sludge). 


D. pH of limed soil six months after applying lime and sludge. 


7.5. The frequent use of such sludge 
would seem to be effective in correcting 
soil acidity. 

When lime is applied to a soil, the 
use of sludge appears to have a buf- 
fering effect on soil reaction. The 
data illustrated in Figure 1D show the 
mean pH of all New Haven and Hart- 
ford sludge-treated soils in Experiment 
II six months after treatment. The 
highest pH occurred where no sludge 
was used, with a slight decrease ac- 
companying the increase in rate of ap- 
plication. This is what one might ex- 
pect from peat moss, manure or any 


other kind of organic matter and is 
not peculiar to sludge. 


Effect of Sludge on Crop Yields 


Two experiments were made on crop 
yields. In the first, sludge cake was 
used from the New Haven Boulevard 
(Sea Street) plant, and from the Mid- 
dletown Connecticut River plant. In 
both cases the materials had been con- 
ditioned with hydrated lime and ferric 
chloride, and vacuum filtered. They 
possessed the following properties as 
received : 
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New Haven Sludge 


Middletown Sludge 


























Wet Basis* | Dry Basis Wet Basis* Dry Basis 
he od a Yikes 65 5a Sosa 0a 7.2 7.5 
Moisture, per cent................ 69.2 | 224.0 | 63.0 171.0 
Loss-on-ignition, per cent.......... 15.2 49.4 13.4 36.1 
Total nitrogen, per cent... ...... 0.6 1.9 | 0.58 1.57 
Weight per bushel, Ibs............. 83.3 44.9 84.8 37.7 
Weight per cu. yd., lbs............ | 1,820 | 980 | 1,850 822 
| | 
* Dewatered. ‘ 
Two-gallon, glazed pots containing beets. For the Middletown sludge 


Cheshire fine sandy loam (pH 5.0) 
were treated with 3-8-7 fertilizer at 
the rate of 1,200 pounds per acre, and 
sludge as follows: none, 10, 20 and 40 
tons per acre of the moist (dewatered) 
material. The cropping order for the 
New Haven sludge-treated soils was: 
beans,* beans, cabbage, celery, and 
* Beans—Stringless Valentine bush 
Cabbage—Early Jersey Wakefield. 
Celery—Paris Golden, Self Blanching. 
Beets—Crosby Early Wonder. 


snap. 


series: tobacco, | tobacco, carrots, let- 
tuce, and beans. Only the one appli- 
cation of sludge was made, but mixed 
fertilizers were added as crop appear- 
ance and soil tests dictated. The crop- 
ping period extended from March, 
1948, to October or November, 1944. 
The relative yields are plotted in 
t Tobaceco—Turkish. 
Carrots—Danvers Red Cored. 
Lettuce—Imperial 847. 
Beans—Stringless Green Pod. 


EXPERIMENT I 


NEW HAVEN SLUDGE 
! 








MIDDLETOWN SLUDGE 





10 
ns 20 
BEANS £0 TOBACCO 
BEANS TOBACCO 
CABBAGE CARROTS 
CELERY LETTUCE 
BEETS BEANS 
EXPERIMENT IL 
NEW HAVEN SLUDGE HARTFORD SLUDGE 
A A 
10 
Onions 38 ONIONS 
404N 
BEETS BEETS 
CELERY CELERY 
CaRROTS CARROTS 





—— not significant 


cece significant 





eum highly significant 


FIGURE 2.—Effect of increased amounts of sludge (10, 20 and 40 tons per acre) 


on relative yields of various crops. 
pots. 


The 100 line represents yields on the no-sludge 
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New Haven Sludge 


Middletown Sludge 











































































































Ck | 10 T. | 20 T. | 40 T. Ck | 10 T. 20 T. | 40 T 
Mar.—May, 1943 Beans Mar.—May, 1943 Tobacco 
Sum of green wt. of pods and dry wt. of stalks) (Dry wt., tops) 
! | ag 
25.5 | 29.0 | 37.2 | 18.0 33.3 36.8 | 36.8 31.5 
23.0 | 595 | 212 | 25.5 34.3 | 33.0 | 34.0 23.7 
25.2 | 23.7 | 23.9 | 22.5 35.5 | 33.1 | 35.8 27.0 
\ve. 26.2 | 37.4 | 274 | 220 |Ave. 344 | 343 | 35.5 27.4 
Rel. 100 | 143 | 105 | — 84.NS*| Rel. 100 | 100 | 103 80 S* 
ai eran GES 1A ie oe 
May-Aug., 1943 Beans May-July, 1943 Tobacco 
(Green wt. of beans only) (Dry wt. of tops) 
" | ) | a ~ sae , ; 
6.8 5.7 | 11.9 10.4 20.2 20.3 | 23.3 26.4 
3.0 3.3 | 5.9 10.4 20.4 | 242 | 220 26.4 
2.5 1b bay g | 5.5 7.9 20.5 |} 22.3 25.5 25.9 
\ve. 4.1 69 | 78 | 9.6 |Ave.203 | 223 | 23.6 26.3 
tel. 100 168 | 190 | 234 NS} Rel. 100 | 110 | 116 124 HS 
oa | Renae Opel | 
Oct., 1948-—Mar., 1944 Cabbage Oct., 1943-Feb., 1944 Carrots 
(Fresh wt. of heads only) (Fresh wt.) 
-\— 
187 201 | 144 179 16.3 12.8 20.3 16.3 
159 203 261 188 13.7 22.3 15.9 17.0 
199 147 | 269 151 28.2 | 25.7 26.5 23.5 
eee ee | ee ie — x 
Ave. 182 184 | 225 173 Ave. 19.4 | 20.3 20.9 18.9 
Rel. 100 101 |} 124 95 NS} Rel. 100 | 105 108 98 NS 
| | 
Mar.—May, 1944 Celery Mar.—May, 1944 Lettuce 
(Fresh wt.) (Dry wt.) 
41.5 57.0 54.5 59.5 14.67 21.60 16.85 19.77 
52.0 59.0 72.5 75.0 16.71 15.88 13.38 20.52 
45.5 62.0 58.0 73.0 10.59 14.75 16.84 15.65 
\ve. 46.3 59.3 61.7 69.2 Ave. 13.92 17.74 15.69 18.65 
Rel. 100 128 133 149 S$ | Rel. 100 127 113 134 NS 
July—Nov., 1944 Beets July—Oct., 1944 Beans 
(Fresh wt.) (Fresh wt. of pods only) 
8.5 18.4 9.2 14.8 9.00 4.00 10.70 5.00 
10.6 15.4 8.6 10.8 3.25 4.50 4.75 1.50 
10.8 11.2 21.6 19.6 3.25 7.00 9.75 7.25 
Ave. 10.0 15.0 13.1 15.1 Ave. 5.17 6.17 8.40 4.58 
Rel. 100 150 132 151 NS}] Rel. 100 100 162 89 NS 























* NS =Differences between treatments not significant 
S=Differences significant 
HS = Differences highly significant 
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Figure 2, the no-sludge pots being rep- 
sented by 100 in every case. It is be- 
lieved that the two sludges were suffi- 
ciently alike to preclude any difference 
in crop response. Yields of the first 
crop, which was planted immediately 
after applying the sludge, tended to 
decrease with increase in sludge appli- 
cation, but in the ease of the beans the 
differences are not significant. The 
second crop showed marked increases 
with treatment although the bean re- 
sults again were not significant. In- 
ereases were shown for celery, beets 
and beans but only those of celery 
were significant. 

The data (Table 1) on the first two 
crops (both beans and tobacco) would 
indicate that insufficient nitrogen was 
present at the start to satisfy the re- 
quirements of the cellulose-decompos- 
ing organisms, and the crop suffered 
as the result. By the time the second 
crop was growing, the C-N ratio of 
the soil humus had been sufficiently 
narrowed and nitrogen previously tied 
up was being released. 

Experiment II consisted of a com- 
parison of New Haven and Hartford 
digested sludge cakes, the latter not 
conditioned with lime and iron. Their 
properties were as follows: 


New Hart- 
Haven | ford 
ct ae ae 72| 5.61 
Moisture (as received), per cent .| 61.70 | 62.70 
Loss-on-ignition, per cent (dry 


SS) eee Bee 52.20 | 46.75 
Total nitrogen, per cent (dry 

EMI 2 eee oS es he re 2.00} 2.01 
Phosphoric acid (P20;), per cent 

(dry basis). ... om teenie 1.18} 1.70 


The soil before treatment had a pH of 
5.38, and tested moderately high in 
nitrates and low in phosphorus and 
potash. Lime was added at the rate 
of 1,250 pounds of dolomitic limestone 
and 1,750 of precipitated chalk per 
acre; fertilizer consisted of 1,200 
pounds of 5-10-10, and in certain 
eases calurea at the rate of 50 pounds 
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of nitrogen per acre. Sludge treat- 
ments were the same as before—none, 
10, 20 and 40 tons. The cropping 
order for both sludges was: onions * 
followed by beets in one case; celery 
followed by carrots in the other. The 
cropping period extended from Jan- 
uary to November, 1944. There was 
but one sludge application, but subse- 
quent fertilizer treatment consisted of 
the equivalent of 1,000 pounds of 
d—-d-10 on February 25 to all pots, and 
200 pounds of muriate of potash on 
September 16 to beets only. 

The yield data (Table 2) shown 
graphically in the second part of Fig- 
ure 2, do not appear to be very promis- 
ing for sludge. For the most part 
New Haven sludge yields were lower 
than those without sludge. Extra ni- 
trogen applied to high sludge pots 
(New Haven sludge only) seemed to be 
somewhat beneficial but in no cases are 
the differences significant. 

Where the Hartford sludge 
used, onions showed no response, beets 
and carrots were significantly poorer, 
but celery yields were increased 7, 19 
and 29 per cent respectively for the 
10, 20, and 40 ton treatments, the dif- 
ferences being highly significant. 

These results are difficult to fathom. 
Soil tests showed relatively little dif- 
ference in the pH of the soil treated 
with the two sludges, even though the 
Hartford product considerably 
more acid. The tests indicated also a 
generally low level of available potash 
which might have been a limiting fae- 
tor in spite of additional applications 
of potash fertilizers. Some of the 
celery plants suffered from boron de- 
ficiency which was eventually corrected 
in most eases by the use of boric acid. 
There appeared to be no correlation 
between either source of sludge or 
amount applied and the degree of in- 
jury. 


Was 


was 


* Onions—Danvers Yellow Globe. 
Beets—Crosby Early Wonder. 
Celery—Paris Golden, Self Blanching. 
Carrots—Chantenay Red Cored. 
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TABLE 2.—Sewage Sludge Experiment II, Yields 1944 








New Haven Sludge 


Hartford Sludge 





| 
None | S0-D.. |) 200: 40 T. 


| 40-+N | None | 10°T:, | 20"F: | 40 T. 
| | 





(A) Onions and Beets 
































* Omitted from average. 


+See table 











Jan.—June Onions Fresh wt. per plant (gr.) 
aeaieass a aoe 
70.5 69.8 | 54.5 | 67.2 | 81.7 | 82.5 76.3 | 67.8 84.8 
76.2 59.3 | 62.5 | 81.2 | 602 | 81.2 78.8 | 83.5 83.8 
65.5 60.3 | 68.3 | 53.0 | 71.7 | 73.8 86.7 | 87.8 81.3 
Ave. 79.7 | 63.1 | 61.8 | 67.1 | 71.2 Ave. 79.2 80.6 | 79.7 | 83.3 
Rel. 100 89 | 87 95 101 NS}/ Rel. 100 102 ) 101 105 NSt 
July—Nov. Beets “Pred wt. per plant (gr. ) 
pie ) anes a 
21.8 16.4 | 20.8 | 268 | 28.6 25.4 29.4 | 17.2 27.0 
13.7 4.0*| 14.0 | 23.4 32 | 32.8 | 21.0 | 28.6 28.8 
18.7 15.2 | 13.0 | 19.6 9.4 32.0 | 286 | 23.4 23.0 
alt ns eo nant en See eS. 
(ve. 18.1 158 | 159 | 233 | 20.4 | Ave. 30.1 | 26.3 | 23.1 26.3 
Rel. 100 | 87 88 129 | 113 NS| Rel. 100 | 87 77 87 S 
| mal ee eee ee |e at So el 
(B) Celery and Carrots 
Jan.—June Celery Dry wt. per plant (gr.) 
27.0 35.8 | 344 | 343 | 298 28.3 | 31.1 | 285 | 39.3 
30.3 | 24.2 | 21.1*| 16.6 27.5 28.4 | 298 | 34.1 41.9 
7.7 86| 24 | 255 | 21.7 23.3 19.7* | 15.9" | 38.7 28.9 
| | 
—— = — - _ —_— —— - —_—__ _ _ _ SS _— 
(ve. 28.3 | 288 | 29.9 | 24.2 | 26.9 r= o34 | 304 | 338 | 367 
tel. 100 | 102 | 106 85 95 NS| Rel. 100 | 107 (| 119 129 HS 
| | | | 
July—Nov. Carrots Fresh wt. aa aa unt (gr.) 
8.3 | 104 12 6.0 | 10.2 18.0 10.8 | 16.0 | 10.7 
6.2 i 33 10.8 10.0 8.8 20.0 8.8 | 128 | 163 
12.0 8.6 | 12.8 5.0 10.5 22.0 10.7 | 128 | 92 
(ve. 8.8 7.4 | 10.3 7.0 9.8 | Ave. 20.0 | 10.1 13.9 | 12.1 
Rel. 100 84 116 79 111 NS) Rel. 100 | 50 69 | 608 





1, footnotes 


Note.—In calculating analysis of variance and in plotting relative yields of celery grown with 
Hartford sludge, the fresh weights were used rather than dry weights. 


Outdoor Experiments in a Home 
Garden 
Determined to try out sludge in the 
field, digested cake from the New 
Haven plant was applied to four 10 by 
20 ft. plots in the writer’s own garden, 
using 6 bushels per plot (1,307 bu. or 


about 56 cu. yds. per acre). To two 
of the plots extra nitrogen was added 
at the rate of 50 Ibs. of N per acre. 
Potatoes, sweet potatoes and corn were 
planted but no results were obtained 
on the corn. The first season (1944) 
was very unfavorable and growth was 
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rather poor. Inspection of the field 
during the growing season revealed 
that the sludge-treated potato vines 
remained green longer than did the 
others. This difference was quite pro- 
nounced and persisted for considerable 
time. 

In 1945 potatoes were planted on 
all plots. More nitrogen was used 
but no sludge. It should be remarked 
that in all cases the usual fertilizer 
treatment was made (approximately 
1,500 to 1,800 pounds of 5-10-10 per 
acre). No differences in growth could 
be observed, largely because of the 
abundance of rainfall. The results of 
the two years work are as follows: 


—————— : aan | 
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ther states that the beneficial physical 
effects from sludge are of a different 
nature than those produced by farm- 
yard manure. There have been re- 
ports that sludge is unsuited for ear- 
rots, potatoes, and turnips. 

On the other hand, Rost and Pinck- 
ney (5) found sludge equal to or 
slightly better than manure when ap- 
plied to nine different soils (mostly 
sandy) seeded to oats. The addition 
of phosphate and potash fertilizers 
eave further increases in yields. And 
in Baltimore experiments (6) sludge 
increased yields of potatoes, spinach, 
beans, tomatoes, sweet corn and cab- 


bage. 


Average Grams of Tubers per Hill 


No Fert. Double 





Cobblers None Sludge | Sludge+N | or | Fert., No 
| | Sludge Sludge 
1944 Cobblers ............. 231 (100) | 227 (98) | 259 (112) — | _ 
1944 Green Mountain.......| 215 (100) 208 (97) | 265 (123) 160 (74) | 288 (134) 
1944 Sweet potatoes........ 587 | 436 — — 
“Saree 357 (100) | 354 (99) | 333 (93) | — | = 





Discussion 

The results obtained in these experi- 
ments do not appear any too favorable 
for sludge. We must not overlook the 
fact, however, that significant gains 
were obtained in some cases. It ap- 
pears now that it would have been 
better to have made repeated plantings 
of the same crop in order to avoid con- 
founding crop differences with resid- 
ual effect of the sludge. 

Both Barnes (1) and Fraps (2) 
compared sludge with no fertilizer, and 
obtained increases, but the yields with 
sludge were somewhat less than yields 
with other organic materials such as 
dried blood and cottonseed meal, and 
considerably lower than where com- 
mercial mixed fertilizers were used. 


DeTurk (3) stated that nitrogen in 
sludge is less available than in ma- 
nure; and the British Agricultural 
Research Council (4) found that crop 
yields were, in general, less with sludge 
than with manure. 


The Couneil fur- 


Thus it is seen that crop response to 
sludge is by no means consistent. Con- 
sidering the differences in crop require- 
ments, in soils, in weather conditions, 
in types of sludge and in the way it is 
used, this inconsistency is not surpris- 
ine. 

On our relatively poor New England 
soils one can hardly expect to depend 
upon sludge as the sole source of 
nitrogen and phosphorus. The writer 
prefers to think of sludge principally 
as a soil conditioner, improving its 
physical condition and increasing its 
water and nutrient-holding capacity. 
It is very important to apply sufficient 
fertilizer, especially potash, if satisfac- 
tory yields are to be expected. Per- 
haps repeated applications of sludge, 
supplemented with potash, would 
eventually be sufficient but our short 
time experiments give no information 
on that angle of the problem. 

The unfavorable effect on beets and 
carrots in Experiment II may be due 











Vol. 18, No. 1 


to their being only the second crop 
after sludge treatment, for in Experi- 
ment I, where they were fifth and 
third erops, respectively, there was no 
reduction in yield. 

In Experiment II the New Haven 
Series of pots showed lower yields, espe- 
cially of beets and carrots than the 
Hartford Series, even in the ease of the 
pots which receive no sludge. Com- 
parisons of soil tests do not reveal any 
consistent differences either in pH, 
available nutrients or total soluble 
salts. 


Conclusions 


On the basis of the results reported 
in this paper it would appear that im- 
mediate increases in crop yields from 
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the use of sludge can hardly be ex- 
pected under all conditions and with 
all crops. Undoubtedly, occasional or 
frequent use of such material is bene- 
ficial to the soil in the long run, and 
the sandier the texture and the lower 
the fertility, the more likely this would 
be true. Inasmuch as sludge is not a 
balaneed plant food, it is imperative 
that adequate supplies of potash be 
provided, particularly for those crops 
with high potash requirements. 

From the standpoint of yield of the 
first crop as well as the matter of pos- 
sible health hazard, sludge should be 
applied at least several months prior 
to planting. Supplementary applica- 
tions of nitrogen can be made to ad- 
vantage at planting time. 
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EXPERIENCE IN GRIT REMOVAL AND HANDLING AT 
RACINE, WIS. 


By Tuomas T. Hay 


Superintendent, Sewage Disposal Plant and System, Racine, Wis. 


The dearth of information on the 
operation and effectiveness of grit 
chambers was noted in reviewing the 
seven years of operation of these units 
at Racine, Wisconsin, with the thought 
of comparing such operation with 
other plants. In view of this it is felt 
that a statement of the experience at 
Racine would be of interest to other 
operators, and an invitation for com- 
parison and discussion. 

John W. Johnson reports that at 
Buffalo there has been excessive 
trouble due to grit, following the grit 
chambers as well as before, but that it 
was not considered feasible to increase 
the detention for more complete grit 
removal. C. E. Keefer tabulates the 
results from several plants in his book 
‘Sewage Treatment Works,’’ which 
data show a great deal of variance. If 
this is an indication of operation in 
general over the country, a study of 
erit removal is very much needed so 
that desired results may be obtained 
from this step in sewage treatment. 

Theoretical Considerations 

To obtain satisfactory results from 
grit removal units there are three fun- 
damental requirements which are of 
paramount importance: hydraulic de- 
sign, equipment design and proper 
operation. There are many authori- 


ties on hydraulic design, and all agree 
fundamentally on the application of 
Stokes’ law and the Hazen formula for 
settling particles, and that a removal 
of a minimum size of grit of 0.2 mm. 
diameter is a practical aim. Thus, the 
leneth of the chamber is a result of the 
velocity and the depth. This is shown 
in Figure 1. A particle of 0.2 mm. 
diameter entering the chamber at the 
highest point will settle out under the 
maximum velocity (Path A) when 


1= (V/v)H 


mean velocity of flow, 
settling velacity (0.075 ft. 
per see. for 0.2 mm. diam- 
eter sand), 

H = effective depth. 


when V 
y 


Most designs are based on a velocity of 
1 ft. per see. as the optimum flow ve- 
locity, with a recommended range of 
0.5 to 1.0 ft. per see. Velocity is de- 
termined by the ratio of the volume of 
flow to the cross sectional area. The 
velocity is maintained for variations 
in flow by cutting in or out of service 
several parallel units, or by use of ap- 
proximately parabolic cross sections 
with their controlling devices, and/or 
proportioning weirs. To these funda- 
mentals Thomas T. Camp has added the 
importance of scour (THIS JOURNAL, 
Vol. 14, No. 2, p. 368). Many particles 
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FIGURE 1.—Theoretical length of grit chamber, 
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of organie matter having a lower set- 
tling velocity than the 0.2 mm. diam- 
eter sand particle actually enter the 
chamber at a lower point and settle 
with the grit (Path B, Figure 1). Scour 
or movement along the bottom will tend 
to free this lighter particle and allow 
it to be washed from the grit. To 
move a particle of 0.2 mm. diameter, 
the minimum velocity must be 0.75 ft. 
per see. This will be discussed again 
in regard to performance of the grit 
chambers at Racine. 

In the matter of equipment for grit 
removal there is a wide divergence of 
practice. This ranges from hopper 
bottoms which require draining and 
manual cleaning, through hoppers 
cleaned by clam buckets when filled, to 
the ultimate of continuous collection, 
removal and recirculation, followed by 
washing with clean water and drain- 
age. To facilitate good results this 
equipment should be so designed that 
no change in eross sectional area oc- 
eurs by variation in loading. The grit 
can be recirculated by being re-intro- 
duced to the flow at the top of the 
channel at or near the entrance end, 
and the collected grit can be washed 
with clean water as a separate opera- 
tion from the collection. Each of these 
are important 


to good opera- 


points 
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tion. In addition, the equipment 
should be designed so that it is simple 
and easy to operate, for at times of 
sudden changes in volume of flow the 
grit chamber is only one of several 
units requiring additional attention of 
the operator without any delay. If the 
operational changes cannot be made 
with ease and speed, the quality of the 
work done will be materially affected. 

Correct hydraulic design and proper 
equipment is all a designing engineer 
or manufacturer can provide to obtain 
good quality of grit separation. It 
then becomes the responsibility of the 
operator to see that the equipment is 
handled in a skillful manner and is 
properly maintained. By observation 
of the working of the equipment and 
the product produced, together with 
the laboratory analyses of samples col- 
lected, he can in a short time become 
proficient in this work. The best de- 
sign and the finest equipment will not 
produce good work in the hands of a 
‘areless or ignorant workman. It is, 
therefore, of utmost importance that 
these tools be placed in the hands of a 
skilled craftsman to produce the results 
desired by all operators, namely, the 
removal of grit from the sewage and 
the separation of putrescible matter 
from the grit. 
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FIGURE 2.—Layout of sewage treatment plant, Racine, Wis. 








Description of Racine Facilities 


As following results are gathered 
from the operation of the treatment 
plant at Racine, Wisconsin, a brief de- 
scription of the plant will indicate the 
other units which would be affected. 
This plant was put in service on June 
14, 1938. Upon entering the plant the 
sewage is chlorinated, passed through 
comminutors, then through the grit 
chambers and clarifiers. The settled 
sewage is chlorinated and discharged 
to Lake Michigan at a depth of 14 ft. 
below the water surface. The washed 
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erit is disposed of by dumping. The 
sludge and scum are separated from 
the sewage in the clarifiers. These 
solids are pumped to separate digesters, 
digested, dried on glass covered beds 
and ground. This is shown diagram- 
matically in Figure 2. 

The plant serves a connected popu- 
lation of 68,000 in a highly industrial- 
ized community. The average daily 


flow is 11 m.g.d. varying from 8 m.¢.d. 
at night to 16 m.g.d. during the day 
normal 
capacity of the plant 


conditions. The de- 
is 48 


under 
signed 
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FIGURE 4.—Longitudinal section of grit chambers, Racine Wis. 
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FIGURE 5.—Cross section of grit chambers, Racine, Wis. 
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FIGURE 6.—Grit washing arrangement, 
Racine, Wis. 


m.g.d. Only 9 per cent of the area of 
the city has storm sewers; the re- 
mainder is served by combined sewers 
varying in age up to 68 years. These 
conditions subject the treatment plant 
to sharp fluctuations and a wide range 
of conditions. As Racine is located in 
the terminal morain area, these sew- 
ers are laid in all types of soil which, 
combined with the many varied indus- 
trial wastes, produce a very complex 
solids content in the sewage. This has 
given us the opportunity to study grit 
removal under many of its varied as- 
pects. 

The grit collecting equipment shown 
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in Figures 3, 4, 5 and 6 is that used in 
this study. The structures were de- 
signed by Alvord, Burdick and How- 
son, consulting engineers, and are 
equipped with Chain Belt Company’s 
Rex Grit Removers. The figures also 
include the alterations and additions 
made for the purpose of improving 
performance as dictated by operating 
experience. The original designers 
were hampered to some degree by the 
necessity of designing alternate types 
of equipment to produce competitive 
bidding. The original channels were 
two in number, 20 ft. wide and 40 ft. 
long, with an effective depth of 33 in. 
Each of these channels had two 5-ft. 
wide entrance ports on the 20 ft. end 
and two 714-ft. discharge weirs on the 
effluent end. According to the design 
principles previously given these chan- 
nels should function best at 32 m.g.d., 
which would give a velocity of 1 ft. per 
sec. and a 40-see. detention period. To 
maintain a velocity of 0.5 ft. per sec. 
a minimum flow of 15 m.g.d. is needed, 
and to consider the condition of scour 
advanced by Camp, this channel should 








operate with flows of 24 to 32 m.g.d. 
As the average daily flow to this plant 
runs from 9.5 to 11.5 m.g.d. the origi- 
nal results were not satisfactory. As 
might have been anticipated, an exces- 
sive amount of organic matter was de- 
posited with the grit, and the periods 
of peak flows which would wash the 
erit sufficiently were too infrequent to 
produce a satisfactory material. To 
improve this condition a temporary 
wood division wall was constructed 
lengthwise of the north channel, divid- 
ing it into two channels 9 ft. 4 in. by 
40 ft., together with the necessary gates 
to control the flow. This proved of 
such great value that it was later re- 
placed by a permanent dividing wall 
of reinforced conerete. This made a 
further reduction in 
area so that a flow of 16 m.g.d. will 
now ereate a velocity of 1 ft. per see. 
in one of these channels. The other 
original channel was not divided and 
is operated as a double channel, or as 
the two smaller channels would be used 
together. Another improvement made 
to these channels was the installation 
of directional baffles at the entrance 
to the north channel to reduce eddying 
caused by both the shape of the dis- 
tributing channel ahead of the grit 
channels and the need for changing 
the direction of flow suddenly through 
90 degrees, and also to distribute the 
erit load more evenly when more than 
one channel was in service. Although 
this was not a function of the equip- 
ment, we were given the services of the 
engineers of the Chain Belt Company 
to assist us in overcoming the difficulty, 
as they were interested in the equip- 
ment performance. A minor addition 
which assists materially in the main- 
tenance of these units was the installa- 
tion of drains in each channel, which 
eliminates the necessity of pumping to 
remove the water and so facilitates in- 
spection and repairs. 

The housings over the grit collectors 
were vented. These vents were con- 


eross sectional 


nected to a stack which discharges 
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through the roof to the atmosphere. 
This ventilation not only keeps down 
odors but has also prolonged: the life 
of the equipment by drawing off the 
moisture under the hoods, thus redue- 
ing corrosion. 

The equipment for grit removal col- 
lects the grit in V-shaped buckets 
traveling along the bottom of the chan- 
nel in a direction opposite to the flow 
at a speed of 5 ft. per min., lifts the 
solid material and deposits it in hop- 
pers over the entrance end of the chan- 
nel. These hoppers are served by one 
continuous screw conveyor which con- 
veys the grit automatically to one side 
of these channels and deposits it in a 
washing unit. The grit is churned in 
clean water by an inclined screw which 
gradually raises the washed grit from 
the water, thoroughly drains it, and 
deposits it in a dump ear. The ear is 
moved out on a narrow gauge track to 
the lake bank where the grit is dumped 
for fill material. The wash water con- 
taining the organic washings is dis- 
charged to the clarifiers where it is 
properly handled as sludge. Two ad- 
ditions have been made to the original 
equipment; in November, 1939, the 
serew conveyor was lenethened on the 
north end so that by reversing the di- 
rection of rotation the solids removed 
from the chambers could be re-intro- 
dueed into the sewage at the beginning 
of the distribution channel ahead of 
the grit chambers, and the washing 
was improved by placing a V-notched 
weir at the discharge end of the washer 
and introducing the clear water at the 
bottom of the washing reservoir, caus- 
ing an upflow through this unit. This 
equipment enables the operator (1) 
to remove the solids as often as neces- 
sary so that no change takes place in 
the effective depth of the chamber, 
(2) to recireulate the grit in such a 
manner that the particles may follow 
the theoretical path used in the design 
of grit chambers, and (3) to wash this 
material after its removal from the 
sewage. By recirculating at oppor- 
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tune times, when flows are normal and 
velocities correspondingly correct, true 
erit resettles and undesirable organ- 
ies are carried on through to the pri- 
mary tanks where they are properly 
handled as sludge. Some plant opera- 
tors have used water jets or other 
means to cause turbulence in the grit 
channels to remove the objectionable 
putrescible matter that settles out with 
the grit, but recirculation and wash- 
ine with clean water is a sure method 
of removing the putrescible matter 
without allowing the grit to be washed 
out of the chambers, causing difficul- 
ties in the following treatment units. 


Operation and Maintenance 


The better the equipment and the 
ereater the flexibility of control, the 
ereater becomes the responsibility of 
the operator. Before the above alter- 
ations and additions were completed 
on the grit channels and removing 
mechanisms, the removal of grit was 
a more or less haphazard process. The 
only controlling faetor was quantity, 
i.e., grit was removed as it was de- 
posited. After the control was im- 
proved, a normal schedule of opera- 
tion was established but with the 
reservation that the operator on duty 
could vary this as he deemed necessary. 
The equipment is operated 30 min. dur- 
ing each 8-hr. shift for a total of 90 
min. per day for recirculation. When 
the quality of the grit appears to have 
a putrescible content under 2 per cent 
and a quantity of 1% ton (dry solids) 
this material is collected, washed and 
disposed of by dumping. 
tor decides when this condition is 
reached by observing the grit brought 
up during recirculation. The experi- 
enced operator can determine this to 
a high degree of accuracy if he is 
given the laboratory analyses of the 
samples from his previous operation. 
For accurate estimation these reports 
are necessary as the composition of 
the grit varies with the season. These 
reports assist the operator in adjust- 
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ing his estimate. At the beginning of 
a storm, any amount'of grit of a satis- 
factory character is removed before the 
storm flow reaches the plant in antici- 
pation of the inereased load. This 
elearing of the chambers allows more 
efficient handling of the excessive load 
always brought down with storm flows. 

The regular cleaning of the equip- 
ment is charged as a part of operation, 
but it also has a bearing on mainte- 
nance cost, as this combats corrosion 
as well as odors. It is our practice to 
hose down the interior of the housings 
and the hoppers, and flush the screw 
conveyor with clean water after each 
time the equipment is operated. While 
doing this the operator automatically 
makes a visual inspection of the equip- 
ment and any unusual condition is 
noted and remedied before any major 
difficulty arises. Here, as elsewhere 
throughout the plant, the encourage- 
ment of the pride of the operator in 
the appearance of his equipment and 
cleanliness pays dividends. It is not 
only a source of satisfaction to plant 
personnel and visitors, but interest in 
the condition of the equipment goes 
hand in hand with the quality of the 
product. 

The maintenance of this equipment 
has been at a minimum. Repairs were 
conspicuous by their complete absence 
until the latter part of 1944the 
seventh year of operation. During 
that year it was necessary to make re- 
pairs to one electric motor, build up 
the horizontal worm and trough by 
welding, replace the bearings on the 
horizontal worm and replace one clear 
water jet. During 1942 there was a 
period when several shear pins were 
broken. This was chargeable to 
grease which appeared in the sewage 
while industry was converting to war 


production. The grease coated the 
erit, making a mucilaginous mass 


which built up on the equipment and 
occasionally produced an_ overload. 
As the plant is going into the eighth 
year of operation, it will be necessary 
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to replace the wearing shoes on one- 
quarter of the flights. This portion 
of the equipment has been in continu- 
ous service, being shut down only to 
permit inspection and painting. 

The major maintenance item is 
that ever present problem in all sew- 
age treatment plants—painting. The 
chamber walls, housings, troughs and 
control gates are painted once a year 
with an additional ‘‘touching up”’ 
around the base of the housings where 
the corrosion is greatest. The housings 
are painted green outside and light 
gray inside, for light reflection and 
ease of cleaning; the surfaces which 
come in contact with the grit are 
painted with bituminous paint; the 
channels are -painted aluminum down 
to the water line and with bituminous 
paint below. The water line is set for 
a flow of 16 m.g.d. and this warns the 
operator when the point of critical flow 
is being approached so that he may 
watch the flow meter and be ready to 
eut in additional units. A word of 
caution is warranted on the use of 
aluminum paint in channels contain- 
ing sewage. If the aluminum paint is 
earried below the water line, the paint, 
in connection with the iron in the 
equipment, will set up a most active 
electrolytic cell, causing rapid de- 
terioration of the equipment. We 
know—it happened to us. 

The mechanical equipment is greased 
weekly through pressure fittings, the 
electric motors monthly. Every six 
months the shear pin hubs are in- 
spected to see that they are free and 
will function properly in ease of an 
overload, and a complete inspection is 
made of the mechanism. The protec- 
tive equipment has never failed to 
function perfectly. 


Performance 


The performance of these units is 
measured by the quality and quantity 
of. grit removed and by the cost of 
operation and maintenance. Samples 
of grit are collected regularly at the 
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discharge from the washer whenever 
grit is removed. These samples are 
analyzed for moisture, solids, volatile 
matter, putrescible matter and occa- 
sionally, weight per volume. The tests 
for moisture, solids and volatile mat- 
ter are performed in accordance with 
the standard method for sludge analy- 
sis except that the size of the sample 
used is approximately 100 grams. 
Putrescible matter is determined by 
the Dazy Churn test, currently in use 
for measuring putrescibles but not 
entirely satisfactory. Although this 
is not accepted as a standard method 
nor does it appeal to the scientific re- 
searcher, it has proven its worth at 
Racine as an operational control. 

The quantity of grit removed at 
Racine in seven years has been 1,354,- 
140 lb. of dry solids from a flow of 
27,250,650,000 gal. This represents 
an average rate of 49.7 lb. per m.g. or 
530 lb. per day (dry solids). The 
amount of solids removed as grit was 
5.1 per cent of the total suspended sol- 
ids. The average daily flow, the total 
tons of grit removed, and the pounds 
of grit per million gallons are shown 
in Figure 7 for each month of the 7- 
yr. period. The heaviest loading of 
erit is received in the spring months 
when the first thaws and rains bring 
down the winter accumulations. <As 
might be expected, the grit load is 
more nearly proportional to the inten- 
sity of the storm than to the duration 
or total precipitation. It is for this 
reason that the amount of grit removed 
is not always in proportion to the flow. 

Recirculation of the grit was started 
in November, 1939. The putrescibil- 
ity test was checked at this time and 
several months later was added to the 
regular procedure as a check on opera- 
tion. As ean be seen in Figure 8, the 
use of recirculation brought about a 
reduction in solids removed as grit, 
which was due primarily to the im- 
proved quality. 

The quality of the grit is the impor- 
tant item to the operator for it is on 
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FIGURE 7.—Grit removal at Racine, Wis. 


this that schedules and variations from 
schedule are based. There are many 
authorities on grit chamber design 
hut none seem to eare to talk of re- 
sults. To the operator, results speak 
loudest. To discuss the results at 
Racine it is necessary to make a divis- 
ion before and after recirculation was 
introdueed in November, 1939. The 
ereat difference is shown in the graph 
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o 
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of the quality of the grit (Figure 8) 
which shows the percentages of putre- 
scible matter and volatile matter. 
Before recirculation the weight per 
cubic foot of grit was 63.9 lb. wet and 


27.4 lb. dry. This is 58.5 per cent 
moisture and 41.5 per cent solids. The 
volatile matter was 65.9 per cent. 


Relatively few samples were examined 
for putrescible matter but these aver- 
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FIGURE 8.—Volatile and putrescible matter content of grit at Racine, Wis. 
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aged 8.5 per cent of the solids. As 
can be noticed in the graph of the 
volatile matter, the results before re- 
circulation were very erratic. Indi- 
vidual samples varied from 32 to 94 
per cent with the monthly averages 
showing a similar wide divergence. 
The content of putrescible matter 
shows the same trend even over the 
short period this test was used, vary- 
ing from 5.92 to 14.4 per cent. The 
weight per cubic foot (dry) varied 
from 16 to 34 lb. and the moisture con- 
tent from 49 to 67 per cent. 

The results after recirculation was 
installed demonstrate the value of this 
principle. A very marked improve- 
ment is illustrated by Figure 8 at this 
time. It may also be seen that the 
improvement was increased after an- 
other 18 months had elapsed. Dur- 
ing this period we were learning the 
possibilities of the equipment in its 
more flexible form and were coming to 
place more dependence on the putres- 
cibility test. This test, being more 
sensitive than the volatile matter test, 
enabled us to make a more rapid com- 
pensation to meet changing conditions 
and thus to produce a more constant 
quality in the grit. The comparison 
shown in Table 1 for three periods 
of different operation bears this out. 
Although the wet weight of the grit 
remained constant, there was an in- 
crease in the dry weight of 12 per cent 
the first year after recirculation and 
35 per cent in 1945. That this change 
was due to a change in the type of 
solids is further borne out by the fact 
that though the percentage of solids 
remained fairly constant, the volatile 
matter decreased 43 per cent the first 
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year and 47 per cent in 1945 while the 
putrescible matter decreased 67 per 
cent the first year and 85 per cent in 
1945. With the controls used almost 
any desired degree of quality can be 
produced. For our operative limit we 
try to hold the putrescible matter 
under 2 per cent as a maximum. The 
minimum for volatile matter appears 
to be 25 per cent when the putrescible 
matter is 1.5 per cent. Since 1942 the 
ratio of the volatile matter to the 
putrescible matter has increased. This 
is due in large measure to inorganic 
greases and oils which are a result of 
industrial conversion to war produec- 
tion. These oils and greases cling to 
the particles and resist separation by 
recirculation and washing. 

There has never been any trouble 
due to grit in any of the treatment 
units following the grit chambers. We 
operate two sludge pumps for 15 to 
20 min. each hour and in seven years 
have replaced only one piston. If 
any amount of grit escapes the cham- 
bers, these pumps should show a very 
rapid wear. 

A series of samples taken in 1939 and 
1940 are represented in Figure 9. 
These samples were collected in co-op- 
eration with the Chain Belt Company 
as a study of the principle of recircula- 
tion of grit. They were selected under 
various operating conditions intended 
to cover the more usual variations. 
Recirculation was started after the 5th 
sample was collected. Here again is 
shown the value of controlled opera- 
tion. 

The work of the grit washer which 
is part of the complete system was also 
investigated. The grit equipment was 


TABLE 1.—Average Analyses of Grit for Three Conditions of Operation at Racine, Wis. 
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Weight (lb. per cu. ft.) | , Per Ce | Pe Cen 
Per Cent | Per Cent | ‘Volatile. | Putrescible 
Wet Dey Matter Matter 
Before Recirculation............. 63.9 27.4 58.5 41.5 65.9 8.5 
First year after Recirculation. ..... 64.7 30.7 54.2 45.8 37.5 2.8 
First five months of 1945......... 62.8 37.0 59.3 40.7 35.0 1.3 
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SAMPLES TAKEN AT INTERVALS OVER SiX MONTHS 


FIGURE 9.—Comparison of grit analyses made in 1939 to study effects of recirculation. 


operated in various ways and samples 
of grit taken before and after wash- 
ing. All of these runs were made 
after the fresh water inlet was relo- 
cated so as to cause an upflow of the 
wash water through the grit. This 
investigation does not cover the seven 
years of operation but were made dur- 
ing two spring months when there was 
variation of flow which made available 
the varied conditions. These results 
are shown in Table 2. Washing with 
clear water has reduced the amount 


TABLE 2.—Effect of Washing Grit 
with Clear Water 
Per | Pe Per Per 


Cent | Cent Cent} Cent 





Mois-| «3: ;.| Vola-} Putres- 
tans cee tile | cible 
Not recirculated—not 
washed...........| 86.4] 13.6] 57 | 18.4 
Not recirculated— 
washed ...........|686)31.4) 40-| 4.7 


Recirculated at low 
flow—not washed.. .| 80.0 | 20.0] 79 | 8.7 
Recirculated at low 


flow—washed...... 65.2 | 34.8) 65 | 3.1 
Well recirculated—not 

AMINE = 21672, ts 61.0] 39.0} 36 | 4.1 
Well recirculated— 

nh a ee 46.6 | 53.4| 23 1.4 

















of putrescible matter from 65 per cent 
to 75 per cent. This clearly demon- 
strates the value of the unit. Also 
noted during these runs was the ne- 
cessity of utilizing flow to the greatest 
advantage. During these runs the re- 
circulation alone reduced the volatile 
matter 39 per cent and the putrescible 
matter 79 per cent. When recircula- 
tion and washing are combined the 
volatile matter was reduced 51 per 
cent and the putrescible matter 93 per 
cent. This shows that recirculation 
and washing reduces both volatile mat- 
ter and putrescible matter. Final 
washing produces a grit which con- 
tains little putrescible matter. 

Grit with less than 2 per cent putre- 
scible matter is relatively free of ob- 
jectionable characteristics. The loca- 
tion of the Racine treatment plant 
warrants the effort expended to pro- 
duce this quality, since the grit is used 
for fill material on the plant grounds. 
The grounds are immediately east of 
Franklin D. Roosevelt Park which is 
used extensively. This park attracts 
many people as it has several baseball 
diamonds, one of which is lighted for 
night games, tennis courts, a band 
stand, playground apparatus, picnic 
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areas, ete. The shore protection 
around the plant site is a popular fish- 
ing spot. In addition to these factors 
which bring many persons to the 
grounds, it is only a short distance to 
a good residential area. For these rea- 
sons any obnoxious odors or other un- 
desirable conditions would bring im- 
mediate complaint. The grit removal 
must, therefore, be done efficiently as 
well as other phases of treatment. 


Costs 


The first year any repairs were nec- 
essary was 1944. Wage increases were 
also given to the employees at the be- 
ginning of that year. A breakdown 
of the cost of operation and mainte- 
nance of the grit chambers for this year 
may be of interest to other operators. 
The total cost for the year was 
$1,868.93 or 50%4¢ per m.g. This cost 
would be greater except for the con- 
stant and careful inspection and 
prompt and excellent care given the 
equipment by the plant mechanic. 
Too much eredit can not be given to 
the attention and service of the me- 
chanie in charge. The cost for 1944 
is distributed as follows: 
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Any time spent on special investi- 
gations is charged as a part of the op- 
erating cost as the results are reflected 
in reduced cost or improved quality of 
operation. 


Summary and Conclusion 


Racine experience reveals five items 
of prime importance for proper grit 
removal: (1) Hydraulic design must 
be sound. 
design function in practice as in theory. 
Minimum flow should be given as 
much weight as maximum flow, how- 
ever, and attention should be given to 
scour along the bottom. (2) The 
equipment should be designed so as to 
maintain the hydraulic conditions and 
handle the solids in such a manner that 
they follow the theoretical laws used 
in design. (3) The equipment must 
be flexible so that the operator can 
meet changing conditions. (4) The 
grit collectors should be designed so 
that they are in proper balance with 
other units of treatment. (5) The 
units must be operated intelligently. 
This calls for study of the conditions 
under which they are operated and 
experience. Proper maintenance is 


Operation: Time of operator running equipment, regular cleaning after opera- 
tion, disposing of grit and regular cleaning of area devoted to grit collection, 


A095 daalits 1 BOO2 Mer NOUP. «.... i. 5 5.56 cee oe seach ce wae ses $1,007.40 
Greasing and Inspection: Time of mechanic for greasing and weekly and semi- 
annual inspection, 26 hours @ $1.01 per hour..................000e000: 26.26 


Cleaning: Cleaning channels (not grit removal) and equipment for inspection, 
repair or painting, 244 hours @ $0.89 per hour.....................00505 


217.16 


Painting: Interior and exterior of housings, channel walls and oiling 


chain and track, 164 hours @ $0.92 per hour 
RRMA A ASCs Cie 5 


Repairs: 


Se Oe 


.. $150.88 
. 34.80 185.68 


Labor Material Total 


= $ 53.00 $ 53.00 


Welding screw conveyor (16 hours @ $1.01).......... $ 16.16 5.50 21.68 


Welding trough (8 hours @ $1.01). ........ 
Replace clear water jet (8 hours @ $1.01)............ 8.08 
Replace bearings (32 hours @ $1.01)... . 


Control and Supervision: 
Laboratory......... 


SSS a re 


Total Cost (1944) 


Sere Bhs 8.08 2.00 10.08 
sax 8.08 
Cait 32.32 22.29 54.61 





$ 64.64 $ 82.79 $ 147.43 


285.00 
$1,868.93 
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FIGURE 10.—View of grit chambers at Racine, Wis. Washer at right. 


also an important part of operation. 
Tests must be made constantly and 
the analyses used in controlling the 
operation. 

When these conditions are met the 
proper results can be obtained. The 
erit ean be removed from the sewage 
and the putrescible matter separated 
from the. grit. The quality of grit at- 
tained will depend on the five items 
mentioned in the preceding paragraph. 
Without recirculation of the grit, the 
volatile and putrescible content will 
be high and will fluctuate greatly. 


With recirculation and collection under 
the proper conditions of flow the qual- 
ity can be materially bettered. Sepa- 
rate washing further improves the 
quality. When recirculation and sepa- 
rate washing are used in combination, 
the limit of putrescible matter can be 
held under 1.5 or 2.0 per cent and 
when this is done the volatile matter 
will hold in the neighborhood of 30 to 
40 per cent. 

Design and operation are both neces- 
sary to good work and when both are 
adequate, results are satisfying. 





OPERATION EFFICIENCY AND FACTORS AFFECTING OPERA- 
TION AT THE ELIZABETH JOINT MEETING PLANT * 


By WILLEM RupoLrs AND Epwarp P. DECHER 


Chief, Dept. of Sanitation, N. J. Agricultural Experiment Station and Acting Chief Engineer, 
Elizabeth Joint Meeting Plant, Respectively 


The Elizabeth Joint Meeting for the 
construction and maintenance of a 
trunk sewer and sewage treatment 
plant handles the wastes from eleven 
municipalities and part of the city of 
Elizabeth, serving a population of over 
360,000. The trunk sewer has a leneth 
of 43 miles. The treatment plant (Fig- 
ure 1) consists essentially of coarse 
sereens to remove rags and large pieces 
of floating matter, automatically oper- 
ated screens to remove garbage, com- 
munitors, grit chambers with screw 
conveyors and pneumatic ejectors, 
settling tanks equipped with Mieder 
machines for seum and sludge removal, 

* Journal Series Paper of the N. J. Agri- 
cultural Experiment Station, Department of 
Sanitation, Rutgers University, New Bruns- 
wick, New Jersey. 


and tanks for storage and concentra- 
tion of sludge. At intervals the con- 
centrated sludge is pumped to a barge 
and transported to sea. 

After 7% years of continuous opera- 
tion a mass of data has been collected 
pertaining to the operation and cost of 
treatment. The accumulation of op- 
eration records is primarily for the 
purposes of (a) indicating the degree 
of purification accomplished, (b) de- 
termining the effect of changing con- 
ditions, (c) serving as a basis for 
improvement and expansion, (d) 
measuring the efficiency and improve- 
ment in operation, and (e) determin- 
ing total cost to the municipalities and 
the variation in cost with changes in 
operation. 





FIGURE 1.—General view, Joint Meeting sewage treatment plant. 
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Table I.—Average Annual Flow, Plant Efficiency and Sludge Production 
































Suspended Solids B.O.D. 

“Total Wet 

Year Flow (M.G.D.) Sludge 

Raw Sewage Per Cent Raw Sewage Per Cent (Tons) 

(P.P.M.) Removal (P.P.M.) Removal 

1938 26.28 184 66.8 202 39.2 118,943 
1939 25.45 197 69.5 243 40.7 118,937 
1940 28.04 188 69.7 238 41.2 112,456 
1941 27.89 212 66.0 262 36.6 118,131 
1942 37.10 | 194 | 67.0 | 240 40.4 145,375 
1943 36.59 | 190 | 65.8 235 42.1 145,050 
66.5 245 40.4 149,332 


1944 | 37.12 | 200 











The data collected have been ana- 
lyzed in an effort to determine: 


1. What changes, if any, have taken 
place in the degree of purification, 

2. How purification and sludge pro- 
duction are affected by rainfall, sewage 
flow, and the strength of sewage re- 
ceived, 

3. How various factors (rainfall, 
strength of sewage, temperature, de- 
cantation) affect sludge concentration 
and barging, 

4. To what extent improvements in 
plant operation have taken place, 

5. How changes have affected cost of 
operation. 

Flow and Plant Efficiency 

Data on average daily flow, strength 
of sewage as indicated by suspended 
solids and B.O.D., together with the 
average percentage removals for the 
years 1938-1944, inclusive, are shown 
in Table I. It will be noted that the 
average daily flow of sewage during 
the first four years was fairly constant 
but inereased by nearly 10 m.g.d. or 
about 30 per cent when Elizabeth was 
connected in 1942. The total tonnage 
of wet sludge collected from the set- 
tling tanks was fairly constant during 
the first four years and also increased 
by nearly 30 per cent. The sewage is 
of medium strength and somewhat 
stale when reaching the plant as indi- 
eated by the average suspended solids 
and B.O.D. The average degree of 
purification as shown by the percent- 


age removal of pollutional matter was 
high for plain settling, and removal 
was practically constant. 


Rainfall, Sewage Flow and Strength 
of Sewage 


It is a well known fact that the sew- 
age flow increases during rainstorms, 
mainly because of the street wash en- 
tering the sewerage system in some of 
the municipalities and because of gen- 
eral infiltration. If the rainwaters 
entering the sewerage system were 
uniform over the entire area served, it 
would be expected that a direct rela- 
tion existed between increase in sewage 
flow and total rainfall. When the 
total inches of rainfall for the entire 
year are compared with the total sew- 
age flow received, it appears that no 
such direct relation exists (Table IT). 


TABLE II.—Comparison of Total Annual 
Rainfall and Sewage Flow 








Increase | Increase 
ve Sewage or De- or De- 
jaintel, Flow crease— | crease— 

g (M.G.) Rainfall Flow 
(Per Cent) | (Per Cent) 


Year 





1938 40.19 9,590 —_ — 
1939 31.02 9,290 | —23.0 | —9.5 
1940 41.68 | 10,230 4.5 7.3 
1941 31.07 | 10,170 | —23.0 7.2 
1942 48.61 13,540 | 27.0 41.7 
1943 38.81 13,335 —4.5 38.5 
1944 53.57 | 13,550 25.0 42.2 




















This does not necessarily mean that 
there is no relation between rainfall 
and sewage flow, but rather that the 








TABLE III.—Comparison Between Average 
Daily Rainfall, Sewage Flow and 
Strength of Sewage 

















J : | Sewage Sus- 
Year | Gnches) | (Fe | PPA | BB, 
1939 | 0.085 | 25.45 | 243 | 197 
1941 | 0.085 | 27.89 | 262 | 212 
1943 | 0.106 | 36.59 | 235 | 190 
1938 | 0.111 26.28 | 202 | 184 
1940 | 0.114 | 28.04 | 238 | 188 
1942 | 0.133 | 37.10 235 | 194 
1944 | 0.147 | 37.12 | 245 200 





variation of rainfall and sewage flow 
over an entire year does not correspond 
when all results are averaged. 

In the area served, comprising 12 


TABLE IV.—Variation of Rainfall and Strength of Sewage 
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age daily rainfall with the flow and 
strength of the sewage (Table III) 
shows that neither the variation in flow 
nor the strength of sewage is related to 
the rainfall. As much as 58 per cent 
increase in the average daily rainfall 
failed to change the average strength 
of the sewage. This means that other 
factors, such as flushing of sewers dur- 
ing storms and debris entering the 
sewers from street wash, interfere with 
this type of average comparison. 

An effort was then made to deter- 
mine whether any relation existed be- 
tween rainfall and strength of sewage, 
if the average monthly results were 
grouped at increments of about one 


inch of rainfall (Table IV). The re- 











Suspended Solids | B.O.D. 
Number = a 
of Rainfall (Inches)} Flow (M.G.D.) | 
Months | | Influent | Effluent Influent Effluent 
| (P.P.M.) (BPM) | (PPM) (P.P.M.) 
Se a a Le ee ee | SS | — * 
4 0.595 | 20.96 20 | 62 | 290 | 166 
16 1550 | 27.97 202 | 66 | 252 151 
26 2.457 | 30.80 195 65 238 143 
18 3.556 | 30.53 195 | 61 | 238 167 
7 4.511 | 32.26 188 62 223 | 137 
4 5.628 | 41.99 156 62 | 181 119 
4 6.570 | 38.91 185 62 | 219 | 131 
2 7.890 37.23 177 52 203 114 
3 8.930 35.29 192 61 | 223 | 128 





municipalities, it may be assumed that 
the average daily per capita produc- 
tion of sludge is fairly constant. The 
total quantities of wet sludge collected 
(Table I) indicate that this is the case. 
It would be expected, therefore, that 
the strength of the sewage as indicated 
by the p.p.m. suspended solids and 
B.O.D. would vary with the variations 
in rainfall. Comparison of the aver- 





sults show no apparent relationship 
between rainfall and sewage flow or 
strength of sewage. Other factors ap- 
pear to overbalance the variations 
eaused by rainfall. This is shown by 
the average results obtained in the 
colder months (January to February) 
compared with the average results ob- 
tained during the warmer months 
(July to August) for the seven years: 














Suspended Solids B.O.D. 
Rainfall Flow 
(inches) GLG.D.) Influent Effluent Influent Effluent 
(P.P.M.) (P.P.M.) (P.P.M.) (P.P.M.) 
See 2.77 34.90 180 66 222 143 
BO A ih sac 3.86 208 60 247 142 
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TABLE V.—Sewage Flow and Degree of Purification 
































Suspended Solids B.O.D. 

Number Sewage 
oO Flow 

Months (M.G.D.) Influent Effluent Removal Influent Effluent Removal 

(P.P.M.) (P.P.M.) (Per Cent) (P.P.M.) (P.P.M.) (Per Cent) 
8 18.86 215 62 70.7 265 157 40.8 

16 21.91 216 63 70.5 268 160 40.4 
16 26.33 192 62 67.6 217 130 40.0 
16 29.82 209 67 67.8 254 149 41.2 
13 33.97 191 64 66.4 234 139 40.6 
12 38.12 176 63 64.2 219 134 38.8 
11 45.47 148 59 60.2 174 Hg 35.6 








The figures indicate, however, that 
the strength of the sewage may vary 
with the total sewage flow. 


Relation Between Sewage Flow and 
Degree of Purification 


The method of operating the settling 
basins is such that normally only a part 
of the capacity is utilized. A study 
pertaining to the relation between sew- 
age flow and the degree of purification 
is of some importance in the determina- 
tion of tank capacities required to 
produce required results. The perti- 
nent questions are: (1) What is the 
relation between sewage flow and 
strength of sewage, (2) What is the 
effect of increased sewage flow on the 
degree of purification, and (3) At 
which flows should the present method 
of operation be changed? 

A comparison was made by averag- 
ing the monthly flows at increments of 
about 4 m.g.d., the strength of sewage 
and the percentage removals obtained 
(Table V). It appears from this 
study that (1) the strength of the sew- 
age does not materially change at this 


plant until the higher flows are re- 
corded; (2) the quality of the ef- 
fluent does not change with increasing 
flows; (3) the percentage removal of 
suspended solids decreases gradually, 
but the percentage B.O.D. removal 
decreases only at the highest flows; 
(4) with an average flow of 45 m.g.d. 
the percentage purification is still suffi- 
cient to pass the requirements. 

Storms of short duration and high 
intensity have a pronounced effect on 
the sewage flow and may dilute the 
sewage to such a degree that little 
treatment is required. Prolonged wet 
periods also increase sewage flows and, 
from an operation standpoint, it is of 
interest to know how purification is 
affected during such periods. The rec- 
ords were examined and the results 
obtained during the months with a 
total rainfall of less than 2 inches were 
compared with those obtained during 
months with more than 6 inches of 
rainfall. The effect of these relatively 
low and high rainfalls on the strength 
of sewage and the degree of purifica- 
tion is indicated by the following fig- 
ures: 














Suspended Solids B.O.D. 
Number Rainfall Flow 
Months (Inches) (M.G.D.) Influent Effluent Per Cent Influent Effluent Per Cent 
(P.P.M.) (P.P.M.) Removal | (P.P.M.) (P.P.M.) | Removal 
20 1.38 26.57 206 68.0 257 154 39.8 
14 6.44 | [34.21 179 65.3 281 128 54.3 
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In terms of suspended solids the sew- 


age appears to be somewhat weaker 


during the wet months, with a slight 
decrease in the percentage of purifica- 
tion, whereas the strength of the sew- 
age in terms of B.O.D. was actually 
greater and the percentage removal 
was higher. Attention is directed to 
the fact that with increasing rainfall 
the p.p.m. suspended solids remaining 
in the effluent is practically constant 
(Table IV) and the same holds for 
high and low flows as indicated by the 
above results. 

The effect of prolonged wet weather 
on the total sewage flow is evident. 
With increased sewage flows and fixed 
settling capacity, it would be expected 
that the removals calculated on an 
equated basis would be lower because 
of the decreased detention times. The 
reason for the slight effect on sus- 
pended solids removal at this plant is 
that under all conditions of higher 
flows the detention time was still suffi- 
cient to remove over 60 per cent of the 
suspended material present. 


Quantity of Pollutional Matter 


The volume of sewage has increased 
over the years. When the sewage flow 
is compared with the total tonnage of 
pollutional matter present in the sew- 
age (Table VI) it is seen that the total 


TABLE VI.—Sewage Flow and 
Pollutional Matter 








| Total Dry 








Total Total 
Year Flow | Susp. Solids B.O.D. 
(M.G.) (Tons) (Tons) 
1938 9,590 7,360 8,100 
1939 9,290 7,580 9,300 
1940 10,230 8,080 10,200 
1941 10,170 9,050 | 11,400 
1942 13,540 | ~ 11,000 | 13,650 
1943 13,355 10,550 | 138,020 
1944 | 13,548 | 10,380 | 13,950 
Per Cent 
Increase, 
1938-1944 41.2 41.4 ry S| 


| 





quantity of suspended solids increased 
from 1938 to 1944 in proportion to the 
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sewage flow. The increase in flow is 
due primarily to increased connections, 
population growth and new industrial 
activities. The flow contributed by 
new connections was about 25 per cent, 
leaving the additional 16 per cent to 
population increase and industry. Of 
particular interest is that the B.O.D. 
is always higher than the suspended 
solids quantities. A large portion of 
the sewage received at the plant has 
traveled a considerable distance and 
consequently has become somewhat 
stale. This, however, does not explain 
why the percentage increase in B.O.D. 
is materially higher than the percent- 
age increase in suspended material. 
As a matter of fact, the B.O.D. should 
be relatively less with the addition of 
Elizabeth sewage, because of its prox- 
imity to the plant. Examination of 
the table will show that the B.O.D. in- 
ereased more. rapidly than the sus- 
pended solids before Elizabeth was 
connected in 1942. For instance, the 
suspended solids increased from 1938 
to 1941 by 23 per cent and the B.O.D. 
by nearly 41 per cent. Since 1942 
neither the total tonnage of suspended 
solids nor the B.O.D. inereased ma- 
terially, but the relationship between 
suspended solids and B.O.D. remained 
the same. In other words, for each 
pound of suspended solids received 
about 1.2 pounds of B.O.D. was pres- 
ent, irrespective of increase in flow. 
There is, therefore, no evidence that in- 
creased industrial activity producing 
wastes containing soluble or semi-sol- 


uble organie substances is particu- 
larly responsible for the increased 
B.O.D. 


Purification and Sludge Production 


The purification required by the 
New Jersey State Department of 
Health is essentially based upon the 
removal of suspended material and 
B.O.D. A percentage removal of 60 
per cent is required, based upon the 
suspended solids and B.O.D. in the 


raw sewage and effluent from the 
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settling tank. The average annual re- 
moval of suspended solids has been 
persistently above 60 per cent, as 
shown by the data in Table I. There 
have been only minor fluctuations. 
The removal of B.O.D. has also been 
constant and higher than normally ob- 
tained by settling alone. The aver- 
age daily amount of sludge pumped 
from the settling tanks remained fairly 
constant during the first 44%4 years and 
inereased thereafter with the increase 
in flow, but apparently again remained 
fairly constant during the last three 
years. In effect, the removal of pol- 
lutional matter is greater than indi- 
cated by these figures, because the grit 
and sereenines removed have not been 
taken into consideration. 

After the sludge is pumped to the 
storage tanks, the material concen- 
trates and a portion of the liquor is 


decanted. From Table VII it can be 
TABLE VII.— Quantities of Sludge Pumped 
and Stored 
Wet | 
Total Sludge | Liquor Sludge 
a Sludge Pro- | Decanted} Stored 
— Removed | duced | (Per (Tons/ 
(Tons) (Tons/ Cent) M.G.) 
M.G.) 
1938 | 118,943 | 12.30 | 426 | 7.14 
1939 | 118,937 | 12.80 43.4 tal 
1940 | 112,456 10.95 36.1 7.04 
1941 | 118,131 | 11.25 | 42.1 | 6.68 
1942 | 145,370 | 10.78 | 43.3 6.08 
1943 | 145,050 | 10.58 | 44.9 | 5.99 
1944 | 149,332 | 11.00 15.9 5.96 
seen that beginning with 1941, the 


percentage of liquor decanted has been 
gradually increased. This means that 
less sludge needed disposal by barg- 
ing. The data in this table do not 
clearly indicate the magnitude and im- 
portance of improved decantation. 

It is of interest to show the actual 
quantities of sludge pumped each year, 
the amounts of liquor decanted and the 
sludge stored. Table VII shows the 
actual tonnage per year as well as the 
tons of sludge stored for each million 
gallons of sewage treated. The aver- 
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age amount of sludge removed from 
the clarifiers was well over 110,000 tons 
annually during the years 1938 to 
1941 and increased to about 145,000 
tons per year during the years 1942 to 
1944. The total sludge removed by the 
clarifiers varied over the years. 

It is significant that the tonnage of 
sludge stored per million gallons 
treated, after decantation, has gradu- 
ally decreased on account of the im- 
proved decantation procedure. The 
importance of improved decantation is 
better shown by the following data, 
where performance is compared for 
the periods 1937 to 1941 and 1942 to 
1944; 


1938-1941 | 1942-1944 


Total yearly flow— 





Bes Sor 9,820 13,481 
Total sludge produced 

per year—tons _.{117,114 146,584 
Total sludge stored per 

year—tons......... | 68,861 81,065 
Sludge stored per m.g. | 

MODIS chs. s etcsar cates | 7.02 | 6.01 
Reduction in sludge | | 

stored per m.g. | 

POLICONY @ 5155-05) | : 14 
Reduction in sludge 

stored per year 

tons 12,200 


aa Wat se a | | 
| | 





On account of improved decantation, 
14 per cent less sludge was stored dur- 
ing the last three years than would 
have been if the operation procedure 
had remained the same; during the last 
three years efficient and effective oper- 
ation resulted in a decrease of sludge 
to be stored of some 36,000 tons. 


Sewage Flow and Sludge Production 


The dry suspended solids present 
in the sewage for the year 1944 
amounted to approximately 0.16 Ib. 
per capita per day, whereas the total 
dry suspended solids removed by 
the settling tanks amounted to about 
0.11 lb. per capita per day. In an 
effort to determine the relation be- 
tween sewage flow and the total sludge 
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TABLE VIII.—Sewage Flows and Sludge Production 




















| 
| Total Tons | Sludge 
Number Flow Sludge Total Solids Ash Content |Liquor Decanted Stored 
Months (M.G.D.) per (Per Cent) (Per Cent) (Per Cent) | per M.G. 
Month | (Tons) 
|__| os as 
8 13.386 | 9,877 | 5.58 23.8 | 35.3 11.25 
16 21.91 10,176 5.71 22.4 44.2 8.57 
16 26.33 9,563 5.75 23.8 40.4 7.06 
16 29.82 10,904 5.57 22.0 40.7 6.90 
13 33.97 | 10,021 | 6.03 220 | 458 | 6.23 
12 38.12 11,514 5.68 22.9 H 42.5 5.74 
11 45.47 10,173 | 5.48 22.4 §1.2 4.31 
| 











production the monthly average re- 
sults were grouped in accordance 
with increasing flows. A comparison 
of the results (Table VIII) shows that 
the quantities of wet sludge remained 
fairly constant no matter whether the 
flows were high or low. This checks 
with the fact that the suspended solids 
in the effluent remain practically con- 
stant and the percentage removals de- 
crease with increased flows. The 
higher flows have no effect on the total 
solids concentration of the sludge 
pumped from the settling tanks; 
neither is the ash content of the sludge 
affected. In general, however, the 
percentage of liquor which could be 
decanted increased with higher flows, 
probably indicating that less finely di- 
vided suspended matter settled out at 
higher flows, compensating for the 
larger quantities of total solids present 
at higher flows. The result is that the 
sludge stored per million gallons of 
sewage treated decreases with in- 
creased flows. From a practical stand- 
point this means that the volume of 
sludge to be barged does not materi- 
ally increase when flows are higher, 
i.e., the additional material which may 
enter the sewerage system on account 
of street wash is balanced by the pas- 
sage of fine suspended matter through 
the tanks, leaving the quantity of 
sludge to be handled practically con- 
stant. Sludge volumes will, therefore, 
inerease only in proportion to addi- 
tional sewage received from new con- 
nections or increased industrial activi- 


ties. 


It has been mentioned previously 
that the strength of sewage is different 
during periods of prolonged wet 
weather as compared with periods of 
relatively dry weather. The question 
arises whether sludge production and 
sludge characteristics are materially 
different during such periods of wet 
weather. The results obtained for 
periods of less than 2 inches of rain- 
fall per month as compared with those 
obtained when rainfall exceeded 6 
inches show the following: 





| Sludge | Total | | Liquor | Tons 

ai ~ | > = | " — Ss po | S . 

Rat | Pina — | (pe | Ba | Prtan 
( Inches) | (Tons/ | Cent) | Cent) | (Per | per 
rs | Cent) | M.G. 


Month) 


| 21.6 | 42.0 | 7.46 


45.0 | 5.96 


1.38 | 10,496 | 5.59 | 
6.44 | 11,530 | 5.63 | 24.3 





The total sludge production was 
about 9 per cent higher with high rain- 
fall, probably caused by street wash and 
cleansing of sewers; the latter is indi- 
cated by the higher ash content, which 
increased about 10 per cent. The con- 
centration of the sludge in the settling 
tanks was not affected, but the sludge 
stored increased by 240 tons a month 
despite the higher percentage of liquor 
removal. In general, therefore, the 
actual removal of suspended material 
is higher during rainy months. 

Since the sewage is stronger and the 
percentage removal of suspended ma- 
terial higher during the warmer sum- 
mer months, the sludge production 
should be affected. The difference in 
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quantity and character of sludge pro- 
dueed during the coldest and warmest 
month of the year is indicated by the 
following average results over 7 years: 








Sludge Total Ash Liquor} Tons 


Pro- ah Con- De- | Sludge 
— tent | canted | Stored 
(Per (Per per 


Period | enned, 
| (Tons 
| Month) | C€"*) | Cent) | Cent) | M.G. 





Jan.—Feb.| 9,840 | 5.54 | 21.3] 38.5 | 5.39 
July-Aug.! 11,350] 5.65 | 25.5 | 39.6 | 8.21 
| 

















Total solids production appears to 
be higher during the warmer months; 
this is probably related to food habits, 
consumption of more vegetable matter, 
and inereased settling efficiency at 
higher temperatures. Solids concen- 
tration is about the same during the 
two periods, but the ash content is 
higher during the warmer period. In 
winter, the average quantity of sludge 
stored amounted to 5.39 tons per m.g., 
whereas in summer the quantity was 
8.21 tons per m.g., or 52.2 per cent 
more. From an economic standpoint, 
the cost of sludge handling and dis- 
posal per unit of flow is higher in sum- 
mer than in winter. 


Factors Affecting Sludge Barging 

There are a number of factors which 
affect the collection, concentration and 
disposal of solids. The factors affect- 
ing the coneentration and barging of 
solids ean be ascertained from the ex- 
tensive and rather complete records 
available. A study of the records is 
of considerable practical value as indi- 
cated by the following example. The 
total amount of sludge collected dur- 
ing 1944 was about 149,000 tons. The 
sludge was concentrated and _ the 
liquor, amounting to about 45 per cent 
of the total volume, decanted and re- 
turned to the clarifiers. The total 
quantity of sludge stored was 80,805 
tons, having a concentration of 8.2 
per cent total solids. If the sludge 
concentration can be increased by one 
per cent some 8,950 tons less would 
have to be stored and barged, amount- 
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ing to a saving of roughly $4,500 a 
year. It is important, therefore, to 
determine the factors affecting sludge 
concentration. 

In addition to increasing the sludge 
concentration, other measures may be 
taken to improve operation and reduce 
costs. The main ones are: (1) thor- 
ough mixing of sludge in the storage 
tanks to make it more uniform and 
easier to flow; (2) introduction of di- 
lution water if the sludge is too thick 
or too cold; (3) application of air 
pressure for mixing and facilitating 
flow through the 4,000-ft. pipe line to 
the dock; (4) removal of obstructions 
to allow free sludge flow through. the 
foree main; (5) improvement of 
pumping equipment; (6) inereased 
operation efficiency. 

This study concerns itself with a de- 
termination of the importance of vari- 
ous factors affecting the conditions of 
the sludge produced, whether general 
operation efficiency has improved over 
the years, what the possibilities are for 
further improvement, and whether 
actual savings in operation costs have 
been accomplished. 


Sludge Barged 


The actual quantities of sludge 
barged are always higher than the 
quantities of sludge stored. The 
amounts of sludge barged, together 
with the total solids concentration and 
ash content are shown in Table IX. 


TABLE IX.—Total Sludge Barged with 
Average Annual Solids Concentration 
and Ash Content 





Tons Solids | Ash Sholne 
Year | Sludge | (per Cent) | (Per Cent) | per M.G. 
Barged | | Sewage 
| : 





1937| 50,435 | 6.70 26.5 9.36 
1938 | 67,820 | 7.80 26.0 7.88 
1939 | 76,065 7.80 25.2 8.19 
1940| 80,545 8.00 | 243 8.33 
1941} 75,920 7.84 | 24.3 7.44 


1942} 89,050 8.26 25.1 6.62 
1943 | 85,324 8.25 23.3 6.39 
1944} 87,475 8.20 | 24.3 6.40 
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TABLE X.—Relation Between Sludge Stored and Barged 


January, 1946 














} 


: Sludge | Water Added 
mo ioe eS ae) SC oar 
H | (Per Cent) | Tons | Per Cent 

1937-38 | 36 116,331 117,375 7.31 | 1044 | 0.9 
1939 | 22 66,967 76,065 7.80 | 9092 | 13.6 
1940s} 23 71,895 80,545 8.00 | 8650 | 12.0 
1941 | 22 68,035 75,920 i 7.84 | 7885 11.6 
1942 | 26 82,285 89,050 8.26 6765 8.2 
1943 25 80,110 85,324 8.25 | 5214 6.5 
1944 25 80,805 87,475 8.20 6670 8.2 


Several interesting points may be no- 
ticed. The sludge barged during 1937 
represents about eight months of the 
year. During the years 1938 to 1941 
sludge volumes barged varied materi- 
ally and increased sharply after the 
Elizabeth connection was made, but 
the quantity of sludge per million gal- 
lons of sewage treated decreased con- 
siderably. At the same time the 
sludge concentration increased. The 
reduction in sludge barged per million 
gallons treated is more clearly shown 
when the periods 1938 to 1941 and 
1942 to 1944 are averaged: 


1938-1941.... 
1942-1944 .... 6.44 tons per m.g. 
Reduction.............. 19 per cent 


7.96 tons per m.g. 


The increase in sludge volume barged 
is related to the sewage flow and the 
amount of sludge removed by the set- 
tling tanks. Caleulations show that 
the sewage flow in 1944 was 42 per 
eent higher than in 1938, but the 
amount of sludge barged was only 23 
per cent higher. If the results for the 
periods 1938 to 1941 and 1942 to 1944 
are averaged, we find: 


1938-41 | 1942-44 | Per Cent 
Ave. yearly flow— | 
2 ee | 9,800} 13,475) 37.3 
Ave. yearly sludge 
settled—tons..... 117,114 |146,584 | 33.4 


Ave. yearly sludge 
barged—tons.....| 75,087 | 87,433 | 16.5 
| 





Whereas the average yearly sewage 
flow increased 37 per cent, the in- 
crease in sludge removed was 33 per 
cent and in the sludge barged only 
16 per cent. This means, therefore, 
that the amount of sludge pumped to 
the storage tanks was considerably less 
during the period 1942 to 1944 than 
from 1938 to 1941, resulting in less 
labor and power cost, but what is of 
still more importance, the amount of 
sludge barged was about 12,200 tons 
a year less than would have been ex 
pected if operation procedures had re- 
mained the same. 

The various factors which affect 
barging and the results of measures 
taken to improve efficiency are briefly 
discussed herewith. 


Water Addition 

Frequently during bargings it has 
been found necessary to add fresh 
water or sewage to the sludge stored in 
the storage tanks in order to move the 
viscous material. This is particularly 
necessary during cold weather. The 
addition of water is undesirable be- 
cause it inereases the volume of ma- 
terial to be barged and must be paid 
for on a tonnage basis, and it requires 
extra labor and time. To reduce the 
quantities of water added during 
barging, the sludge in the storage 
tanks is recirculated by pumping for 
a number of hours before actual 
barging commences. In addition, com- 


pressed air is used to move the sludge 
and to clean out the lines. 


Recireula- 
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TABLE XI.—Effect of Temperature on the Rate of Pumping and Time 


Required for Barging of Sludge 














| 
| 








Naber | Temp. Sludge | Barging Rate of Solids | Head on | Ash Time/1,000 
Ravens OF.) Fahey | Time J umping Cone. I ump | Content Tons 
| ons) | (Min.) (G.P.M.) (Per Cent) (Ft.) | (Per Cent) (Min.) 
24 52.2 3390 | 422 | 1476 7.59 | 41 | 22.4 | 125 
22 | 54.0 3465 | 469 1870 7.61 | 40 | 223 | 135 
14 | 57.0 3465 400 2189 8.11 36.5 21.9 | 115 
9 | 59.5 3450 | 382 2162 8.05 32 } 218 | 111 
15 62.0 | 3470 359 | 2161 8.02 33 23.1 | 103 
12 | 65.0 | 3423 | 312 | 2662 8.86 30 24.8 | 91 
17 68.1 | 3600 | 295 | 2910 8.35 | 23 26.4 | 82 
17 | 70.6 3436 222 | 3660 8.64 | 215 | 268 | 65 
19 72.4 3431 224 | 3633 7 | Cl] er | ls 
10 | 74.2 3437 227 7.94 21.5 | 266 | 66 


367% 








tion and use of air has been modified 
and presumably improved. More judi- 
cious use of water has been made. 

It is difficult to determine separately 
the actual effects of all these measures, 
but in total they can be assayed by a 
study of the relation between the 
quantities of sludge stored and barged. 
The amounts of sludge stored are 
those after concentration by decanta- 
tion has been accomplished. A com- 
parison of the pertinent factors ean be 
made from the data given in Table X. 
It will be noticed that during 1937-38, 
the average sludge concentration was 
lower than any other year. This, to- 
vether with the fact that these results 
include bargings during two summers 
and only one winter, accounts for the 
rather low percentage of water addi- 
tion. For the period 1939-41, the per- 
centage of water added was materially 
ereater than during the period 1942- 





14. When the results for these two 
periods are averaged, we find: 
| 1939-41 1942-44 

Ave. yearly solids con- | | 

centration—per cent 7.88 | 8.24 
Sludge stored—tons 

DOP VOOR 655556000550 68,966 80,732 
Water added—tons per 

Pa 8,542 | 6,216 
Ave. water added—per 

ONE cscs bree onlinistie 12.5 (ios 











If no improvements had been made 
and the same percentages of water had 
been added to the increased volumes of 
sludge, the additional tonnage of water 
would have amounted to about 10,000 
tons a year, or roughly three more 
for the three-year 


baregines a vear 


period. 


Effect of Temperature 


The time required for loading the 
sludge barge varies throughout the 
year. In general, the average barging 
time is greater in winter than in sum- 
mer. In averaging the data pertain- 
ing to bargings at different sludge tem- 
increments (Table XI), it 
evident that the rate of 
pumping inereases with the sludge 
temperature, that the head on the 
pumps decreases and the time required 
to load equal quantities of sludge also 
decreases with increased sludge tem- 
peratures. These general tendencies 
are more clearly illustrated in Figure 
2 where the average rates of pumping 


perature 
becomes 


in gallons per minute, the average head 
on the pump in feet and the average 
minutes required to place 1,000 tons of 
sludge into the barge are plotted 
against the average temperature of the 
sludge during barging. 

The difference in barging time at the 
higher and lower temperatures is illus- 
trated by averaging all bargings when 
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FIGURE 2.—Relation between temperature and rate and time of loading of barge. 


the sludge temperatures were from 49 
to 55° F. and comparing the results 
with those when the sludge tempera- 
tures were from 70° to 75° F.: 








Temperature of sludge— 
ian 


Bee eh ans Sia 0 cet 52.5 | dz 
Number bargings....... 46 46 
Solids concentration—per 

EMRE GAS tsb es w'Ss-5 6: 7.62 8.01 
Ash content—per cent... . a4 || | 2B 
Sludge barged—tons.....| 3413 | 3414 
Total barging time—min. n.| 436 | 240 
Pumping rate—g.p.m. | 1912 | 3448 
Head on pump—tt. . .| 40 | 21 
Time per 1,000 tons sludge| 

ERM Fs bcs alc losciais wie 127 | 70 








With the same number of bargings. 
but somewhat higher solids coneentra- 
tion at the higher temperature, and the 
volumes barged each time the same, 
the pumping rate was about 45 per 
cent less with about half as much head 
on the pumps. The actual barging 
time at the low temperature averaged 

hours and 16 minutes as compared 
with 4 hours at the higher tempera- 
ture, or one hour less for each 1,000 
tons of sludge barged. 

The pumping time at lower tem- 
peratures is longer than at higher tem- 
peratures because the hydraulic char- 
acteristics of the sludge change. As 
sludge moves more sluggishly at low 
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temperatures, the time required for 
pumping increases. To illustrate this, 
the velocity of the sludge moving 
through the 4,000-ft. pipe to the barge 
has been ealeulated (Table XII). It 


TABLE XII.—Relation Between Temperature 
and Velocity of Sludge Flow in Pipe 





Calculated 


| Time/1,000 


Temp. (°° F.) | Tons | Velocity 

(Min.) |  (Ft./See.) 
iy 4 125 1.35 
54.0 | 135 | 1.25 
57.0 | 115 1.47 
59.5 | 111 | 1.53 
62.0 | 103 | 1.64 
65.0 91 | 1.86 
68.1 82 2.06 
70.6 65 2.60 
72.4 65 2.60 
74.2 66 2.56 


is evident that the velocity increases 
with the temperature but not in direct 
proportion. The velocity increases at 
an aecelerated rate until the tempera- 
ture reaches about 70° F. At an aver- 
age temperature of 53° F. the velocity 
s 1.30 ft. per see. and at 72.5° F. it 
is 2.59 ft. per see., or doubled. The 
pumping time is eut in half. If the 
velocity could be increased to 5 ft. per 
sec., the pumping time could again be 
cut in half. It has been asserted that 
if velocities reach 5 or more ft. per 
sec., the sludge will flow like water, 
provided the temperature is above 
60° KF. Methods of achieving such 
higher velocities are beine given fur- 
ther study. 


Effect of Recirculation 


The flow of sludge is affected by the 
apparent viscosity of the sludge. The 
apparent viscosity is made up of a 
true viseosity and a plastic resistance 
of the sludge. The resistance is prob- 
ably caused by the nature of the sludge 
particles and the gelatinous formation 
which develops on quiescent standing 
of the sludge. The nature of the 
sludge particles cannot be changed, 
but the gelatinous condition can be 


largely overcome by agitation of the 
sludge. It is well known that the ap- 
parent viscosity of the sludge changes 
when the sludge is stirred, hence the 
greater the amount of mixing or the 
more effective the mixing of the sludge 
prior to barging, the less viscous the 
sludge will be and the greater the re- 
sulting velocity of flow in the pipe. 
Sinee the velocity of travel is related 
to time, the more effective the mixing, 
the shorter the time required for barg- 
ing. 

The method of mixing before barg- 
ing has been improved, but it is 
difficult to show the specific effect of 
improved mixing because other im- 
provements were made about the same 
time. Simple laboratory experiments, 
conducted by vigorously shaking sam- 
ples of sludge, showed that the viscos- 
ity of the sludge could be lowered 
ereatly. The method of mixing prac- 
ticed at the plant will aid in reducing 
barging time. In addition, the agi- 
tation of the sludge will feed it more 
uniformly to the pumps and reduce 
cavitation. 


Effect of Sludge Concentration 


There are two important points to 
be considered in sludge concentration : 
(1) reduction in volume of sludge to be 
barged by increasing the sludge con- 
centration, and (2) the speed of barg- 
ing to reduce pumping time. The re- 
duetion in volume of sludge is brought 
about by effective decantation. The 
question is, therefore: How far can 
decantation be continued without caus- 
ine undue interference with sludge 
pumping for barging? 

The percentages of increase in sludge 
concentration during the years of 
operation are shown in Table XIII. 
The average annual results show a 
gradual increase in the percentage of 
concentration obtained after settling. 
The percentage solids barged increased 
gradually to 1942 and thereafter re- 
mained practically constant, because 
with the equipment available the ap- 
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TABLE XIII.—Increase in Solids Concentration 
of Sludge Collected as Compared with 
Sludge Barged 








| 





‘ | Settled Barged een 
Year 7 Solids Solids ier 4 Saat . 
| (Per Cent) (Per Cent) 
1937 | 5.41 6.70 19.3 
1938 5.48 7.80 29.6 
1939 5.94 7.80 24.0 
1940 6.22 8.00 22.4 
1941 5.64 7.84 28.2 
1942 5.80 8.26 29.6 
1943 | 5.58 8.25 32.0 
1944 | 5.36 8.20 34.5 
(| os i 
parent limit of sludge concentration 


had been reached. 
A comparison of the quantities of 


sludge handled at each barging, the 
loading rates and average solids econ- 


(Table XIV) shows that 
TABLE XIV.—Average Sludge ner Barging, 
Time of Pumping and Rate of Loading 


centrations 








Time Solids 

| Sludge | Pumping esr Pumping} Concen- 

Year | Barged | Time 1,000 Rate tration 
(Tons) | (Min.) Tons G.P.M.) Per 

| (Min.) Cent) 

1937 | 3152 | 379 120 1910 6.70 
1938 | 3391 398 117 1960 7.80 
1939 | 3438 381 110 2090 | 7.80 
1940 | 3502 | 362 103 2225 8.00 
1941 | 3451 395 114 2010 7.84 
1942 | 3425 | 286 83 2760 | 8.26 
1943 | 3413 | 310 90 | 2580 | 8.25 
1944 | 3499 | 278 79 2895 8.20 





for about the same volumes of sludge 
barged the rate of pumping has greatly 
increased and, consequently, the time 











TABLE XV.—Effect of Sludge Concentr 
Num- Solids . is 
~—_ Temp. Concen- a Barging 
Bere | (CF) | tration | (fon) | (Min) 
3 52 6.74 3492 602 
18 53 1.23 3430 155 
17 53 7.78 3370 4135 
8 53 8.42 3449 | 364 
8 72.8 | 7.00 3437 261 
13 | 720 | 7.77 | 3353 | 249 
15 72.5 | 8.22 | 3438 | 220 
10 71.8 | 8.82 | 3438 | 244 
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required decreased. This is especially 
the case during the last three years. 
A comparison of the average rate of 
pumping during 1939-41 and 1942-44 
shows 2,108 and 2,728 gallons per min- 
ute, respectively, or an increase of 2: 
per cent. Pumping rates can be ex- 
pected to inerease when the solids con- 
centrations decrease. During these 
same periods, the average solids con- 
centrations were 7.88 and 8.24, an ac 
tual increase rather than a decrease. 
The reduction in barging time is, there- 
fore, due to improvement in operation 
(recirculation, judicious use of air and 
water, ete.) and equipment (removal 
of obstructions, larger pumps, ete.) 
and is not due to reduction in the solids 
concentration. 

The average concentration of solids 
barged varied between 6.5 and 9.0 per 
cent. Grouping the concentrations at 
lower and higher temperatures in an 
effort to determine the effect of solids 
concentration (Table XV) _ showed 
some unexpected results. At the lower 
temperature of 52° to 53° F. the load- 
ing time decreased with increasing 
solids concentrations, contrary to ex- 
pectations. At the higher tempera- 
tures (72° F.) the loading time flue- 
tuated somewhat, but the differences 
were much less apparent. As _ indi- 
cated above the concentration of solids 
has gradually increased over the years 
on account of improved operation and 
equipment. The results in Table XV, 
as far as solids concentration is con- 


and High Temperatures 








| 
Ash Content! Time/1,000 











| Pumping end 

| (GPM) (Ft.) (Per Cent) | Tons (Min.) 
1350 | 38 21.0 | 173 
1867 40 21.8 135 
1893 412.6 22.7 122 
2262 38 | 23.3 104 

| B13 | 23.5 | 26.7 76 
3437 20 | 27.7 a1 
3699 20 | 29.2 64 

| 3354 | 23 | 28.4 71 
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cerned, correspond with the improve- 
ments. It appears, therefore, that the 
improvement in operation and equip- 
ment was sufficient to overbalance any 
effect of inereased solids concentration. 

The results indicate further that the 
effect of sludge concentration can be 
offset by better operation procedures 
and that the supposed limit of about 
8 per cent solids concentration may not 
hold with improved equipment. 

Sinee ultimate solids concentration 
is primarily a function of initial con- 
centration and time of storage, there is 
a definite limit to which decantation 
or sludge thickening may be carried 
with the storage capacity available. 

There seems to be a general tendency 
that with inereased ash content of the 
solids, pumping time decreases. Since 
the type of solids plays an important 


barging results reported were  ob- 
tained with these motors. Study of 
the records together with experience 
indicated that increased performance, 
reduction in loading time and costs 
might conceivably be obtained with 
motors of higher capacity. Conse- 
quently, the 40 h.p. motor was re- 
placed by a 75 h.p. motor. During 
1944, other improvements consisting 
of removal of a restricted cone valve 
in the sludge line and introduction 
of compressed air in the sludge stor- 
age tanks for mixing, were made. In 
an effort to appraise the value of 
these improvements the results ob- 
tained from 1942 to 1945 for the 
periods of January to August, in re- 
spect to sludge handled and pump- 
ing time required, have been com- 
pared. These average data follow: 








| 
Bargings | (Tons) (Per Cent) | 


\ Number | Sludge Barged| Total Solids 
ear . 
942 | 17 | 58,225 | 830 | 
1943 | 18 | 59,400 | 8.00 
1944 17 60,075 | 7.93 
| 8.90 | 
| 


1945 | 16 59,870 





| Pumping | Rate 
Ash Temp. Time of 
(Per Cent) Cr. (Min./1,000 Pumping 
| ~ Tons) | (G.P.M.) 
pe : =| 
25.5 | 61.4 89 | 4920 
23.7 | 60.2 | 95 4680 
23.6 62.2 86 5240 
24.7 


| 59.4 74 | 6060 





part in the plasticity of the sludge, it 
is possible that more ash would affect 
the flow characteristics of the solids. 
[In summer, the percentages of ash are 
ereater than in winter, possibly mak- 
ing the solids more ‘‘gritty.’? With 
increased ‘‘grittiness’’ the velocity of 
flow (at constant head and tempera- 
ture) may inerease and hence reduce 
the loading time. This factor is prob- 
ably of minor importance. 


Effect of Increased Pumping Capacity 

Originally, two pumps with 15 h.p. 
motors were considered sufficient by 
the designing engineers to force the 
sludge through a 24-in. pipe for a 
distance of about 4,000 ft. to the dock. 
These motors proved to be inadequate 
and were replaced by one 30 hp. 
motor and one 40 h.p. motor. The 


The sludge barged during 1945 had 
the highest average concentration in 
the history of the plant. Concentra- 
tions of as high as 9.73 per cent solids 
were reached on an individual barg- 
ing. Comparison of the average 
1945 results with the best previously 
obtained (1942) shows that the sludge 
handled had a 7.3 per cent higher con- 
centration, whereas the time required 
for pumping per unit volume was 8.3 
per cent less. These figures may not 
sound impressive, but actually mean 
that about 1,800 tons less sludge was 
barged and the total loading time was 
reduced by about 15 hours. Loading 
time signifies labor, power and dock 
charges. Translating the results in 
dollars, it means that a saving of some 
$750 was accomplished. The cost of 
the motor was about $650, 
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General Efficiency 


At the start of operation of the 
treatment plant a personnel organiza- 
tion was created, consisting of some 
trained persons and a number of un- 
trained operators. Through the years 
many of the untrained men took spe- 
cial courses and others were instructed 
in details of operation. Gradually this 
force, in spite of some losses, has be- 
come a closely knit, well trained group, 
capable of handling the work effi- 
ciently. During the last few years 
war conditions have caused reductions 
in labor and temporary absences of 
trained personnel. To make up for 
these losses the staff was more intensely 
and more widely trained to be able to 
perform the necessary tasks and sub- 
stitute for others. The result has been 
an organization that was able not only 
to continue operation without inter- 
ruptions and to make necessary re- 
pairs, but to maintain the same degree 
of plant efficiency. Furthermore, the 
results show that increasingly larger 
quantities of sludge were produced 
without corresponding larger quanti- 
ties being barged, resulting in material 
savings. 

The longer the plant is in operation, 
the more deterioration of buildings and 
structures can be expected. Machinery 
and equipment. wear out and repairs 
and replacements are required to main- 
tain efficiency. To keep the plant in 
good condition requires constant vigi- 
lance.and planning. The neat appear- 
ance of the plant, together with the 
fact that high efficiency has been main- 
tained and actually considerable money 
has been saved, speaks well for the 
ability, competency and skill of the 
supervising and operating personnel. 


Cost of Operation 


In addition to the sewage treatment 
plant, the Joint Meeting maintains and 
operates 43 miles of collecting and 
trunk sewers. Frequently the cost of 
operation and maintenance of such 
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sewers is not considered a part of the 
treatment plant. Furthermore, when 
operation costs are published, the cost 
of maintenance, engineering, and ad- 
ministration may or may not be in- 
cluded in operation costs. This method 
of calculation may show an apparent 
low cost, but does not present a com- 
plete picture. The factual data given 
below include all items pertaining to 
operation, maintenance and adminis 
tration and constitute the total cost to 
the member municipalities : 

















Sewers Treatment Plant 

Year Dollars | Cents per} Dollars | Cents per 
per Capita per Capita 

M.G per Year M.G. per Year 
1941 | 3.26 | 9.4 | 8.99 | 30.7 
1942 2.13 | 8.0 7.91 30.0 
1943 2.08 | pe 8.01 29.5 
1944 2.24 8.3 8.31 30.8 








On the basis of an estimated popula- 
tion of 360,000 served, the total annual 
cost varied from 37.2 to 40.1 cents per 
capita during the last four years for 
collection and treatment of sewage and 
disposal of sludge. The cost for dis- 
posal of sludge (barging and dock 
fees) varied between 29.7 to 31.5 per 
cent of the total cost of treatment, 
while supervision and labor varied 
from 37.3 to 44.0 per cent of the treat- 
ment plant cost. The sludge disposal 
cost amounts to nearly one-third of the 
total cost, and on the basis of dry sol- 
ids disposed of, the cost varied from 
$4.55 to $4.73 per ton. 


Value of Complete Records 

The plant structures are fixed and 
maintenance of adequate purification, 
relative reduction in sludge stored 
with increased sewage flows and proper 
plant maintenance can be brought 
about only by efficiency in plant oper- 
ation. Analyses of results obtained, 
savings in cost and projection of ex- 
pansion and justification of needs can 
be based only on adequate and com- 
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plete records. Proper studies of such 
records can and should be presented 
from time to time to the governing 
boards, aside from annual reports, for 
the specific purpose of review of ac- 
complishments. This phase of the use 
of good reeords is frequently insuffi- 
ciently utilized by the supervisors of 
municipal utilities. 


Summary 


The Joint Meeting trunk sewer and 
treatment plant is operated by com- 
missioners representing eleven munici- 
palities with an aggregate population 
of over 360,000. The volume of sew- 
age treated averages about 37 m.g.d. 
A study of operation records over a 
period of 7.5 years was made to de- 
termine: (1) the degree of purification 
maintained, (2) the effect of rainfall 
and sewage flow on the strength of the 
sewage and the degree of purification, 
3) the effect of various factors which 
affect sludge handling and _ disposal, 
4) the general efficiency, and (5) the 
total costs. Examination of the data 
shows that the average sewage flow 
and sludge production has increased 
about 30 per cent, but that the per- 
centage purification has remained 
practically constant. There was no 
direct relation between total annual 
rainfall and sewage flow or purifica- 
tion. The average strength of the sew- 
age remained fairly constant and did 
not vary with the sewage flow, except 
during prolonged wet or dry periods. 
The total amount of the pollutional 
matter present in the sewage increased 
with the sewage flow and produced 


vereater volumes of settled sludge. The 
average annual degree of purification 
accomplished by settling varied from 
65.8 to 69.7 per cent removal of sus- 
pended solids and from 36.6 to 42.1 
per cent in B.O.D. reduction. The 
sewage was stronger and the degree 
of purification was higher during sum- 
mer than winter, and about one-third 
more sludge was collected and stored 
during the warmest months as com- 
pared with the coldest months of the 
year. Increased efficiency in econcen- 
tration of stored sludge by decantation 
resulted in decreased amounts of 
sludge barged, despite increased 
amounts of sludge collected. Effective 
sludge concentration resulted in a de- 
erease of over 36,000 tons of sludge 
barged during the last three years. 
With the present method of operation 
the sewage flow can increase to 45 
m.g.d. before revised procedures will 
be required. Low temperatures and 
high sludge densities affected the flow 
of sludge through the 24-in. line to the 
dock. The effect of these factors was 
partially overcome by removing ob- 
structions and increasing pumping 
capacity. Total cost of operation and 
maintenance of trunk sewers and 
treatment plant and of disposal of 
sludge varied from 37.2 to 40.1 cents 
per capita during the last four years. 
The cost of sludge disposal varied from 
$4.55 to $4.73 per ton of dry solids 
barged. General efficiency is indi- 
cated by the neat appearance of build- 
ings, equipment and grounds, by the 
manner in which purification has been 
maintained, and by the cost economies 
that have been realized. 
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THE TOXICITY THRESHOLDS OF VARIOUS SODIUM SALTS 
DETERMINED BY THE USE OF DAPHNIA MAGNA 
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Many pollution abatement programs 
will undoubtedly call for maintaining 
the levels of polluting substances in 
receiving waters below the point at 
which they are deleterious to aquatic 
life. Inasmuch as the effects of wastes 
vary with their composition, the nature 
of the receiving water, and the organ- 
isms encountered, studies on the tox- 
icity of industrial wastes should be 
conducted along many different lines 
to determine the levels at which the 
wastes may be said to be innocuous. 
Experimental studies on fish alone, at 
least as they have been conducted, are 
inadequate for determining the toxie- 
ity of industrial wastes, for as Gabriel- 
son (1945, pp. 189-190) points out, 
‘‘It has been found that very dilute 
pollutants present in quantities much 
too small to be directly harmful to 
fishes may, nevertheless, in time com- 
pletely eliminate all fishes from the 
polluted waters.’’ For the present the 
writer has limited himself to studying 
the effects on one particular organism 
of various chemical substances when 
added to Lake Erie water. 

The aim of this paper is to present 
the threshold concentrations of toxicity 
for thirty-eight sodium salts, anions 
of which occur in industrial wastes, 
when these were added to centrifuged 
Lake Erie water with Daphnia magna 
as the test animal. The experimental 
work on which the thresholds are based 
was carried out during the summer of 
1944. The method used was that re- 


cently described by Anderson (1944) . 


except that the immobilization time- 
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concentration curves, from which the 
threshold concentrations were esti- 
mated, were constructed on the basis 
of forty-eight hours of observation 
rather than sixteen hours. In_ the 
earlier work the control animals did 
not survive consistently over sixteen 
hours so that it was not considered 
justifiable to base the curves on a 
longer period. In the experiments on 
which the present thresholds are based, 
eighty to one hundred per cent of the 
controls remained alive and _ active 
forty-eight hours or more. The toxic- 
itv thresholds for the thirty-eight 
sodium salts are given in Table I. 

As a consequence of using a longer 
observation time the threshold econcen- 
trations have been found to be lower 
for seven of the eight sodium salts pre- 
sented in the earlier report (Ander- 
son, 1944). The seements of the new 
survival curves covering times up to 
sixteen hours coincide with the curves 
upon which the earlier report was 
based. In many instances, however, 
the segments of the curves in the pres- 
ent experiments for the period from 
sixteen to forty-eight hours, the period 
not covered in the previous experi- 
ments, have definite inflections ocecur- 
ring between sixteen and_ thirty-two 
hours (Figure 1). In some instances 
the inflections were very pronounced, 
as in the case of sodium sulfite. These 
inflections may be explained on the 
assumption that Daphnia are more sus- 
ceptible during eedysis than at other 
times (Banta, 1939, pp. 192-193). 
Anderson and Jenkins (1942) found 
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TABLE I.—Threshold Concentrations for Immobilization of Daphnia magna 
by Substances when Added to Lake Erie Water 

Substance | Formula Molarity* P.P.M.* 
SoU ACCLOLC sn oc. 54 ce boss ois cer NaC:2H;02 <0.071 <5800 
PSS a2) 7 hr NaeHAsO, <0.00011 <20 
Sodium arsenite... 6.6. cased cess NaAsOz 0.00007 9.1 
SOU ISI BOGUE «oc sv sioiaie <0) sess ers NaC;H;0, <0.0045 <650 
OUI IOTAUO soo ore oe eee ae we Na2B,O;7 <«0.0012 «240 
Bodin Pervorate..... cc. 26 yes 6 NaBO; <0.000063 «5.2 
Sodium bromate. .... 2.5.5 6..56%: NaBrO; 0.0014 210 
SOG DIGDNGE. ..5 6. cas eee eae NaBr 0.08 | 8200 
SOdIVIGATOONAUO.. 6.665665 scent NaeCO; <0.0040 <424 
Sodium bicarbonate............... NaHCO; | 0.028 2350 
reso Gani) (0p 0) | a NaClO; | 0.040 4240 
MOUEMVOMIQMIOR:. 6s. as a atawsss NaCl | <0.072 <4200 
Soditim Chromate ..........405 600% Nae2CrO; <0.0000020 <0.32 
Sodium dichromate............... NaeCr.O, <«0.0000012 <0.31 
PTE OMUTAGGS oie aig.5.0 ee banal Aare NazCgH;07 0.0032 825 
BOGIIIN GV ANIUG’s 40s c.scsce sie ores ts ane NaCN | <0.000069 <3.4 
Sodium ferrocyanide.............. NayFe(CN)¢ | <0.0020 <600 
Odi TIMOMOG. «5 occ.cise ca sean NaF 0.012 504 
Bodiam formate: «.ic.. cs. ose ees NaCHO, <0.076 | <5200 
Sodium nvdroxide.. . 2.6... c6e55 5: NaOH 0.0039 | 156 
SOMIGMIIOGALE os 25 cree since scings NalO; | <0.00080 «158 
MOCHHIMMGOICEE os 6 oh Soe bed Nal | 0.000022 3.3 
Sto af 7: | | NaNO; 0.059 5000 
Sodium nitrite..................5. | NaNO» <0.00029 <20 
Sodium nitroprusside.............. | NaeFe(CN)sNO | <0.00080 «210 
SSG ORAIBUG 666 sichoc-. 8 ee One ese | NaeC20,4 0.0016 214 
Sodium monobasic phosphate. .... . .| NaH2PO, «0.013 <1560 
Sodium dibasic phosphate..........| NasHPO, <«0.00042 «59 
Sodium tribasic phosphate .| NasPO, <0.00032 «52 
Sodium salicylate | NaC;H;0; 0.0091 1450 
BOOIMMSUNALC os occ che da vee es Na.SO, 0.042 5960 
Sodium Disuliate .... 5... ca eek ee | NaHSO, 0.0016 190 
Sodium sulfide.......... Spaniel SINGES 0.00012 9.4 
Sodium sulfite.......... | NasSO; 0.0035 | 440 
POUMIN DISMMILE, bs 6 se dwe vasa | NaHSO; <0.0014 <145 
Sodium tartrate OO desde | NasCyHi0c <0.018 | < 3500 
Sodium thiocyanate............... | NaSCN <0.00014 <11.3 

iF, wena NaS.0 <0.0033 «520 


Sodium thiosulfate. . . 








* On the basis of the formula given. 


that well fed Daphnia magna at 25° C. 
undergo their first ecdysis about 
twenty hours after their release from 
the brood chambers of the mothers. 
Some cast carapaces can be observed 
on the bottom of the experimental bot- 
tles at the sixteen hour observation 
when the animals are sixteen to 
twenty-four hours old. In Table I 
the concentrations preceded by either 
(<) or (« ) are not true threshold con- 
centrations since the immobilization 
time-coneentration curves for the salts 
designated had not reached their verti- 


cal asymptotes at forty-eight hours. 
The threshold concentration for any 
salt with (<) might be about nine- 
tenths of the value given if the trend 
of the curve were continued in each 
particular instance. The _ threshold 
coneentration for a salt with («) 
might be as low as one-half the value 
given or less. The lack of (< ) or (« ) 
does not mean, however, that the curve 
for any one salt might not be inflected 
were the observations continued for a 
longer period. 

From a pollution standpoint the most 
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CONCENTRATION IN MOLES PER L/TER 


FIGURE 1.—Relation of immobilization time to concentration for Daphnia magna. 


important aspect of toxicity studies is 
the determination of toxicity thresh- 
olds. The modes of action of the vari- 
ous salts are of secondary interest and 
will be discussed in detail elsewhere. 
Comparisons of the threshold concen- 
trations of certain salts can be made, 
however, at this time. 

All salts are toxic when they are pres- 
ent in concentrations high enough to 
exert an unfavorable osmoti¢ pressure. 
Some salts, namely: sodium acetate, 


sodium bromide, sodium chloride, so- 
dium formate, and sodium nitrate have 
approximately the same threshold con- 
centrations in terms of molarity and 
are probably toxic only when their 
concentrations are high enough to ex- 
ert an unfavorable osmotie effect when 
added to Lake Erie water.* To the 


*The only published reports on the com- 
position of Lake Erie water of which the 
writer is aware are those of Dole (1909) and 
Clarke (1924). Of the analyses that they 
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Parts per Million 
Range Mean 
Silica (SiO0e)......... 2.1 11.0 5.9 
Iron: (Fe))..36 c.ss.3.] O03'| O16] 007 
Caloitum: (Ca)... 30 33 31 
\lagnesium (Mg)....|} 6.8 8.2 7.6 
Sodium and potassium 
CO erates bes 5.8 72 6.5 
Carbonate radical 
(CON eee 0.0 5.3 3.1 
Bicarbonate radical 
(i. 6 0 104 124 114 
Sulfate radical (SO,)..| 11 14 13 
Nitrate radical (NO3).| 0.0 0.6 0.3 
Chiorine (C)) ...... ...< 7.9 9.2 8.7 
Total dissolved solids. |126 143 133 








above may be added sodium sulfate 
and perhaps sodium bicarbonate as 
being innocuous except when their con- 
centrations are high enough to exert 
an unfavorable osmotic pressure. 

Naumann (1934a) also found that 
the chloride, nitrate, and sulfate of 
sodium were relatively innocuous. 
While he did not determine the tox- 
icity thresholds for each of these salts, 
one ean, on the basis of the data he 
presented, estimate the limits of con- 
centration in which the thresholds 
would fall. The threshold concentra- 
tions for these three salts in the pres- 
ent experiments fall within these 
limits. 

All the other salts tested are toxic 
in concentrations lower than for those 
mentioned above and their toxicities 
are due to other factors. Sodium bi- 
sulfate is toxie when added to Lake 
Erie water in sufficient quantity to 
render the pH of the resulting solu- 
tion less than 6. Sodium bisulfite 
may also fall into the same category 
but because it is toxic in solutions of 
slightly higher pH than 6 its toxicity 
at the threshold concentration may be 
due to some other factor. Of all the 


present the most representative of Lake Erie 
as a whole are probably those made at Buffalo, 
New York, at monthly intervals between Sep 
tember 19, 1906, and August 28, 1907. These 
analyses are summarized below, 
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salts listed these two appear to be the 
only ones that were toxic at threshold 
concentrations because of their acidity. 
Sodium carbonate and sodium hy- 
droxide appear to be the only sodium 
compounds tested which were toxic be- 
eause of their alkalinity. The pH at 
the threshold for the carbonate was 9.2 
and that for the hydroxide was be- 
tween 9.1 and 9.5. 

A comparison of the threshold con- 
centrations of sodium arsenate and 
sodium arsenite indicates that the lat- 
ter is slightly more toxic on the basis 
of molarity or on the amount of ar- 
senic. A study of the immobilization 
time-concentration curves reveals, how- 
ever, that forty times as much arsenate 
is required to immobilize Daphnia in 
one hour as is needed of arsenite. 
From the point of view of pollution the 
latter fact is of little consequence since 
exposures are likely to be continuous. 

In contrast to the slight differences 
between the threshold concentrations 
of the arsenicals the differences be- 
tween those for the nitrate and nitrite 
and those for the sulfate and sulfite are 
very great. The threshold concentra- 
tion for the nitrite is “49 of that for 
the nitrate. The threshold concentra- 
tion for the sulfite is 4. of that for 
the sulfate. 

The halides, except for the iodide 
which is very toxic, are relatively in- 
nocuous. The bromate and chlorate 
are more toxic than the bromide and 
chloride, respectively, but the iodate 
is much less toxie than the iodide. 

The chromate has almost the same 
threshold concentration as the dichro- 
mate when compared on the basis of 
the chromium content of the molecule. 

The threshold concentration for the 
monobasic phosphate is much higher 
than those for the dibasic and tribasie 
phosphates. Both the dibasic and the 
tribasic phosphates produce flocculent 
precipitates while the monobasic pro- 
duees none. The low threshold con- 
centrations of the dibasic and tribasic 
phosphates can hardly be due to their 
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alkalinities since the pH values at their 
thresholds are 8.7 for the tribasic phos- 
phate and less for the dibasic, while 
that for the carbonate is 9.2. The ex- 
planation may be that given by Nau- 
mann (1934 a and b) in that the HPO, 
ion is more toxic than the H.PO, ion. 
Again the precipitates may exert a 
mechanical effect by obstructing the 
straining mechanism of the Daphnia. 
Naumann used sodium monobasic phos- 
phate and potassium dibasic phosphate 
in his experiments and apparently did 
not consider the possibility of the po- 
tassium ion being more toxic than the 
sodium. 

Ellis (1937) lists the results of ex- 
periments on fish with eight of the 
sodium salts included in Table I. For 
four of these the toxicity thresholds 
are higher for Daphnia than for fish, 
but for two of the others they are 
lower. It is impossible to judge, from 
the data presented by Ellis, whether 
the other conditions of the experiments 
are comparable. 

Jones (1941) determined the toxicity 
threshoids for twenty-seven anions 
(sodium salts and sodium salt-acid 
mixtures) in distilled water for Poly- 
celis nigra, a planarian. For twenty- 
two of these anions the thresholds are 
lower for Daphnia than for Polycelis, 
for one (sodium nitroprusside) the 
threshold is the same, and for four 
(sodium nitrate, sodium fluoride, 
sodium ferrocyanide, and sodium hy- 
droxide) they are higher. The results 
which Jones presented are not strictly 
comparable to those given here since 
the experiments on Polycelis were car- 
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ried out using distilled water while 
those on Daphnia were performed 
using Lake Erie water. In the writer’s 
experience Daphnia did not survive 
long in distilled waters where only 
single salts were added. On the other 
hand it seems probable that had Jones 
used a natural water his threshold 
values would have been higher in some 
instances at least, especially in the case 
of sodium hydroxide. 

With Lake Erie water the toxicity 
thresholds so far presented are not 
likely to be raised but may possibly 
be revised downward as studies involv- 
ing other aspects of the life history of 
Daphnia are earried out. Other or- 
ganisms may be less tolerant of toxic 
materials but until their toxicity 
thresholds have been established the 
values presented here can be used to 
estimate the quantities in which many 
industrial wastes can be discharged 
into Lake Erie without endangering 
one phase of its aquatic life. 

Acknowledgment 

The writer wishes to express his ap- 
preciation to the Ohio State University 
and the Ohio Division of Conservation 
and Natural Resources for sponsoring 
this project. The author is grateful to 
the members of the staff of the Franz 
Theodore Stone Laboratory for their 
cooperation and especially to Dr. T. H. 
Langlois, Director, for his many cour- 
tesies and helpful suggestions. Thanks 
are also due to Dean W. W. Hodge, 
College of Engineering, West Virginia 
University, and many others for their 
suggestions and interest in this work. 


REFERENCES 


Anderson, B. G., 1944. ‘‘The Toxicity 
Thresholds of Various Substances Found 
in Industrial Wastes as Determined by 
the Use of Daphnia magna.’’ Sewage 
Works Journal, 16, 1156-1165. 

Anderson, B. G., and J. C. Jenkins, 1942. ‘‘A 
Time Study of Events in the Life Span 
of Daphnia magna.’’ Biological Bul- 
letin, 83, 260-272. 

Banta, A. M., 1939, ‘Studies on the Phy- 


siology, Genetics, and Evolution of 
Some Cladocera.’’ Carnegie Institu- 
tion of Washington Publication No. 513, 
285 pp. 

Clarke, F. W., 1924. ‘‘The Composition of 
the River and Lake Waters of the 
United States.’’ U. S. Geological Sur- 
vey Professional Paper 135, 199 pp. 

Dole, R. B., 1909. ‘‘The Quality of Surface 
Waters in the United States. Part I. 




















Vol. 18, No. 1 


Analyses of Waters East of the One 
Hundredth Meridian.’’ U. S. Geologi- 
cal Survey, Water Supply Paper 236, 
123 pp. 

Ellis, M. M., 1937. ‘‘ Detection and Meas- 
urement of Stream Pollution.’’ Bul- 
letin of the Bureau of Fisheries, 48, 
365-437. 

Gabrielson, I. R., 1945. ‘‘ Annual Report of 
the Director of the Fish and Wildlife 
Service.’? Annual Report of the Secre- 
tary of the Interior for the Fiscal Year 
Ended June 30, 1944, pp. 183-198. 

Jones, J. R. E., 1941. ‘A Study of the Rela 


TOXICITY THRESHOLDS OF SODIUM SALTS 87 


tive Toxicity of Anions, with Polycelis 
nigra as Test Animal.’’ Journal of 
Experimental Biology, 18, 170-181. 

Naumann, E., 1934a. ‘‘tber die Beeinflus- 
sung von Daphnia magna durch einige 
Salze und Salzmischungen.’’ K. Fysio- 
grafiska Séllskapet i Lund, Foérhand- 
lingar, 4, 11-22. 

Naumann, E., 1934b. ‘‘Einige Bemerkungen 
iiber die Abhingigkeit der Daphnia 
magna von dem pH Standard des Was- 
sers unter experimentallen Bedingun- 
gen.’’? K. Fysiografiska Sdllskapet 1 
Lund, Férhandlingar, 4, 23-381. 











| THE OPERATOR'S CORNER 








PERSONAL COURTESY AND PUBLIC RELATIONS 


Courtesy is such an obvious require- 
ment in dealing with the public that 
there may seem to be little justification 
for devoting even a single page to this 
discussion, the second of our modest 
series on public relations. The point 
sought to be made here, however, is that 
there are different degrees of courtesy 
and that the special kind that 
founded on a sincere desire to be of 
maximum helpfulness will yield the 
most in good will. 

Suppose a troubled citizen phones 
the sewage treatment plant to report 
a failure in sewerage service. <A reply, 
‘‘Sorry sir, but that does not come 
under this department. Afraid we 
eannot help you,’’ would be courteous 
but in a negative way. A much better 
reply would be to say, ‘‘Sorry sir, but 
such matters come under the Sewer 
Maintenance Division. I suggest that 
you ecail Mr. Brown, the Superinten- 
dent, at Superior 5000. If it is your 
own house service that is clogged, how 
ever, you will have to have it cleared 
by your own plumber because the 
municipal department has jurisdiction 
only over public sewers.’’ And, if the 
inquirer appears to be interested, a 
brief statement about the common 
causes of sewer clogging and the usual 
methods of correction might be in 
order, possibly to the end that the 
householder is able to clear the line 
himself. That citizen would fee! that 
he had been given a special and _ per- 
sonal service. 

Or say that a gardner inquires as to 
the merits of sludge as a soil condi- 
tioner, a matter of a few. bushels of 
sludge being involved at most. His 
query should be given just as complete 
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and careful a response as if he were a 
farmer or florist who might be inter- 
ested in using hundreds of bushels. 
Some of the questions asked may be far 
afield of sewage works service (the prize 
one in our experience being the prob- 
lem of the lady who wanted to know 
how to keep her stored linens from 
getting moldy), but even these should 
be received sympathetically and han- 
dled tactfully. 

A visitor at the sewage treatment 
plant is worthy of special attention be- 
cause the very fact that he ealls dem- 
onstrates initial interest. The visitor 
should be made to feel that he is wel- 
come, his tour of the plant should be 
made as interesting and educational 
as possible and, above all, he should 
leave with a strong impression of the 
enthusiasm and pride of stewardship 
with which the staff undertakes to 
operate and maintain his property. 
The models, charts and literature pro- 
vided for visitors at many plants, 
though commendable, are not sufficient 
in themselves; it is the personal atten- 
tion that counts the most. 

The smaller the community and sew- 
age works facilities, the easier it is to 
extend the personalized kind of cour- 
tesy that is advocated here. The chief 
engineer or superintendent in the very 
large plant cannot, of course, devote 
all his time to telephone inquiries and 
to welcoming visitors, although he will 
do well to set an example for his staff 
insofar as possible. In such large 
works, personnel who are delegated to 
handle public contacts should be se- 
lected for their interest, tact and di- 
plomacy. 

Each person who has been given rea- 
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son to feel favorably toward his munici- 
pal sewage works service becomes a 
nucleus of good will, whose reactions 
will radiate to others. The practice of 


TRICKLING FILTER AND ITS OPERATION 89 


personalized courtesy costs nothing; it 
yields big dividends in public relations 


and satisfaction. 
W. #H. W. 


THE TRICKLING FILTER AND ITS OPERATION * 


3y FRANK WoopBurRY JONES 


Partner, Havens and Emerson, Consulting Engineers, Cleveland and New York 


Historical 


The trickling filter was originally de- 
veloped to reduce the area required by 
intermittent sand filters. Early de- 
velopment work by Col. George E. 
Waring, Jr., and the Massachusetts 
State Department of Health in 1891 
and 1892 was important. The first 
municipal trickling filter plant to go 
into operation in this country was at 
Reading, Pa., in 1908 and one of the 
earliest and best landscaped American 
installations was the so-called Penny- 
pack plant at Philadelphia, Pa., about 
1912. 

Much experimental and demonstra- 
tive work was done between 1905 and 
1916 at Columbus, Ohio; Gloversville, 
N. Y.; Brooklyn, N. Y.; Philadelphia, 
Pa.; Worcester, Mass.; Akron and 
Cleveland, Ohio. Hundreds of mu- 
nicipal installations followed in rapid 
suecession. 

The trickling filter after 50 years is 
still recognized as an effective and de- 
pendable agent for secondary treat- 
ment or oxidation of sewage. 


Types of Trickling Filters 


There are two types of trickling fil- 
ters in general use today: (1) the 
standard or conventional filter which 
is designed to receive flows of about 2 
m.g.a.d. and applied B.O.D. of some- 


* Presented at Lecture-Laboratory Course 
on Sewage Treatment and Disposal given by 
Pennsylvania Sewage Works Assn. at St. 
Joseph’s College, Philadelphia, Pa., on May 
2, 1945. 


thing less than 600 lb. per ac. ft. and 
(2) high rate filters which are designed 
for volume loadings from 10 to 30 
m.g.a.d. and B.O.D. loadings from 
3,000 lb. per ac. ft. upward. High 
rate filters are a relatively new devel- 
opment, the first plant scale installa- 
tion having been made about 1936. 

The Biofilter, Accelo-filter and Aero- 
filter represent 3 types of high rate 
units. The high rate filters all involve 
the recirculation of the filter or final 
effluent, or the final tank underflow 
back to the primary settling tank or 
directly to the filter. They may be 
operated in single stage or in 2 or even 
3 stages. 


Essential Parts of a Trickling Filter 
By a definition a trickling filter is: 


“An artificial bed of coarse material, such 
as broken stone, clinkers, slate, slats, or 
brush, over which sewage is distributed and 
applied in drops, films or spray, from 
troughs or drippers, moving distributors, 
or fixed nozzles and through which it trick- 
les to the underdrains giving opportunity 
for organic matter to be oxidized by bio- 
chemical agencies.” 


Essential to the effective and con- 
sistent performance of a trickling filter 
are (1) a suitable underdrainage sys- 
tem, (2) proper filter media, (3) pro- 
vision for uniform distribution of ap- 
plied sewage and (4) provision for 
clarification of the final effluent. 

The underdrainage system should be 
of adequate carrying capacity and so 
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designed as to provide free and ade- 
quate ventilation throughout the filter 
bed. Forced aeration does not appear 
to be practicable. 

The filter media should be uniform 
in size, clean and free from fines, and 
durable against disintegration. For 
standard filters the best media size ap- 
pears to be about 2 to 3 in.; for high 
rate filters the media is usually some- 
what larger, in the order of 3 to 4 in. 
Trap rock, granite, limestone and slag 
are common trickling filter materials. 
The depth of the media ranges from 6 
to 10 ft.; the relative merits of shallow 
vs. depth filters are somewhat contro- 
versial. 

Spray nozzles, revolving distributors 
and traveling distributors (on rails) 
are used to effect equal distribution of 
the applied sewage to the surface of 
the filter. Dosing tanks are nearly 
always required to maintain uniform 
distribution under varying conditions 
of flow, although such tanks may be 
omitted where the flow to the filter is 
controlled within certain limits as by 
pumping. 

The effluent from a trickling filter 
earries varying amounts of suspended 
solids and these must be removed to 
secure a satisfactory final product. 
The clarification unit should be con- 
sidered as an integral part of the fil- 
ter. Sedimentation tanks equipped 
with mechanical sludge removal mech- 
anisms are best suited for clarification 
of trickling filter effluents, the sludge 
being discharged either to the raw 
sewage or directly to sludge digestion 
facilities. Such secondary sludge or 
humus is likely to create odors if dis- 
charged to open lagoons. 


Operation 


Operating problems and suggestions 
as to routine work necessary for con- 
sistent filter performance follow: 


1. Nozzle clogging material should 
not be permitted to reach the distribut- 
ing nozzles. Fine mesh sereens at out- 
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lets of settling tanks or inlets to dosing 
tanks will be effective if kept clean. 
Mechanical screens are sometimes used 
in large plants. 

2. Inspect dosing equipment fre- 
quently. Air piping in siphons is 
subject to clogging with accumulated 
grease which builds up rapidly—clean 
regularly and watch for air leaks. 
Keep the dosing tank clean and free 
from grease; a good stiff broom, prop- 
erly applied, can work wonders. 
Where pumping is used, the pumps 
must not suffer from oil deficiency and 
eland troubles. Watch the electric 
contacts and relays. <A grease laden 
float is lazy. 

3. Spraying of sewage into the air 
is likely to cause odor at times. Also, 
there may be a salt water, mud flat and 
eel-grass odor from the surface. To 
Morris Cohn’s excellent three ‘‘C’s,”’ 
‘‘Care, Cleanliness and Chlorine,”’ 
another might be added—Circulation. 
A well nitrified effluent discharged 
into the raw sewage minimizes odor 
potentialities. 

4. Nozzle clogging affects distribu- 
tion adversely, and poor distribution 
deteriorates the effluent. Keep the 
nozzles and rotary arm orifices clean. 
Occasionally the whole nozzle should 
be cleaned with a stiff brush and soda 
ash solution. Flush the main distrib- 
utors occasionally. 

5. Watch the seals and_ holding 
eables on rotary distributors. Follow 
the manufacturer’s instructions to 
avoid cold weather troubles, and to as- 
sure uninterrupted service. 

6. The surface of the filter is subject 
to clogging by sewage solids, organic 
growths and disintegrated patches of 
media, resulting in ‘‘pooling.’’ <Ac- 
eumula‘ions of sewage solids should be 
removed manually if very heavy. 
Resting the filter may permit drying, 
which may be hastened by picking or 
harrowing. Chlorination is_ effective 
in control of pooling caused by organic 
growths. Copper sulphate will aid in 
erowth elimination. Patches of disin- 
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tegrated filtering material or fines 
should be dug out and replaced with 
clean and sound material. Disintegra- 
tion does not occur if the original 
media was durable and free from dust 
and fines. Not much can be done if 
the filter is grossly overloaded and the 
slimes essential to purification become 
‘‘sick.’? When this stage approaches, 
begin asking for additional capacity. 

7. An abundant air supply within 
the filter is necessary to its proper 
functioning. Keep the wunderdrains 
free from growths, fallen stones, or 
stone dust, and be sure the ports are 
clear. Hosing under pressure or rod- 
ding is effective. Without ventilation 
a filter will perish. 

8. Filter flies, the psychoda alter- 
nata, are a nuisance and a vexing prob- 
lem. Flooding controls flies, but also 
nauseates the effluent, so there is a 
problem as to which is the greater evil. 
A water springtail, achorutes viaticus, 
if indigenous or cultivated is said to 
be an effective fly eradicator. Resting 
the bed for a period of two weeks in 
spring has been beneficial in diminish- 
ing the fly population. Filters dosed 
with preaerated settled sewage are 
relatively free of flies. High rate fil- 
ters count control of the fly problem 
among their advantages. There is 
considerable interest at present in the 
possibilities of DDT as a means of 
filter fly control and the results of 
studies now underway are anticipated 
with interest. Chlorine for fly control 
has both advocates and opponents. It 
should not be overlooked. 

9. The filter effluent contains vary- 
ing amounts of suspended matter 
sloughed from the filter stones. This 
‘“‘slough’’ is intermittent and hence 
quite heavy at times from standard 
filters; it usually oceurs constantly 
and uniformly at high rate filters. 
Keep the final tank clean. Remove 
the algae growths and do not allow 
the sludge to accumulate so that it 
floats and fouls the effluent. A final 
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tank should be emptied, inspected and 
thoroughly cleaned occasionally. 

10. Watch the point of effluent dis- 
charge and permit no rubbish or other 
debris in the vicinity of the outlet. If 
on a small stream, keep the channel 
clear and preferably narrow. Avoid 
bays and pools and induce ripples if 
possible. 


Accomplishment 


A properly designed and carefully 
operated conventional or standard fil- 
ter should accept a volumetric loading 
of 4 m.g.a.d. and a B.O.D. loading of 
up to 600 lb. per ae. ft. per day, if not 
subjected to poisoning or overloading 
slugs of deleterious wastes. Most fil- 
ters carry less load. The high rate 
filters are operated at much higher ap- 
parent loadings, but their net output 
has not yet been completely evaluated. 

Irrespective of type and disregard- 
ing all mention of percentage removals, 
an acceptable trickling filter effluent 
for discharge into a small stream with- 
out creating a nuisance or destroying 
fish life, should contain on the average : 


Suspended solids ..... 20-30 p.p.m. 
5-Day B.0.D. ........ 20-25 p.p.m. 
Dissolved oxygen .... 4-6 p.p.m. 
Nitrogen (as nitrates) 4.0 p.p.m. 


Conclusion 


A trickling filter, particularly one of 
standard or conventional design is a 
dependable and reliable device for oxi- 
dation of sewage. It can be operated 
properly at relatively low cost. It can 
withstand sudden shocks and tempo- 
rary overloads without serious deleteri- 
ous effect on the effluent. It is best 
suited to small and medium sized com- 
munities, say, under 60,000. It is ef- 
fective for many industrial wastes. It 
has some problems in operation but 
they are not insurmountable. It can 
and does produce a stable effluent of 
good appearance. It has had an hon- 
orable and useful past and, on its ree- 
ord, deserves a bright future. 
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SEWAGE PLANT RECORDS AND OPERATING REPORTS * 


By L. 8S. Morean 
District Engineer, Pennsylvania Department of Health 


Sewage treatment plants are con- 
structed and operated for the specific 
purposes of (1) eliminating stream 
pollution and (2) protecting the pub- 
lic health. Various degrees of treat- 
ment of sewage are necessary to control 
pollution of streams to the extent re- 
quired to protect the waters thereof, 
which are subsequently used for 
sources of public and industrial water 
supplies, for bathing places and other 
recreation and for the support of ani- 
mal, fish and other aquatic life. 

Satisfactory operation of the sewage 
treatment works to accomplish these 
desired purposes will generally be re- 
flected in the plant records and operat- 
ing reports maintained by the plant 
operators. It is essential that proper 
plant records and operating reports be 
maintained for the following seasons: 

1. To indicate to the plant operator 
and responsible officials that the indi- 
vidual units of the plant and the plant 
as a whole are maintained and oper- 
ated so as to produce the desired re- 
sults. 

2. To serve as the basis of reports to 
proper responsible officials. 

3. To warn the operator of cireum- 
stances which may produce troubles in 
operation, with resulting lowered effi- 
ciency. 

4. To serve as a guide for future 
operations in the light of past experi- 
ence. 

5. To serve as a permanent record of 
plant performance for use as legal evi- 
dence. 

6. For reference as a basis for de- 
termining future treatment require- 
ments. 

The required type of operation rec- 

* Presented at Lecture Laboratory Course 


on Sewage Treatment and Disposal, given by 
Pennsylvania Sewage Works Assn., at St. 


Joseph’s College, Philadelphia, Pa., on May 
23, 1945. 


ords will depend largely upon the de- 
gree of treatment provided in the 
plant, the type of units installed and 
the personnel and facilities available 
for plant control work. As a general 
rule, these records will consist of 
charts which are produced from oper- 
ating mechanisms installed at the time 
the plant was constructed or added 
thereafter, and those which are made 
up by the plant operators. This dis- 
cussion will deal with the latter group. 

Operation report forms should be 
provided for the use of the plant oper- 
ator at the time the plant is con- 
structed, and these forms should be 
made up for the individual plant under 
consideration. While it is true that 
plants having the same degree of treat- 
ment and the same types of units can 
use similar operation reports, some 
variations may be necessary in the 
type of data to be recorded. 

In addition to the information to be 
specifically recorded on the standard 
report form, the plant operator should 
maintain a daily log book which should 
contain certain notations on cireum- 
stances encountered in plant operation 
and control which are not otherwise 
recorded, and thus serve as a record 
of unusual occurrences. Forms for 
recording the information to be kept as 
an operating record should be printed 
and preferably made up in tablet form 
so that multiple copies can be pro- 
duced at the time the original is made. 
Generally, the Pennsylvania Depart- 
ment of Health requires sewage works 
operation reports to be submitted at 
weekly intervals, such reports contain- 
ing the daily records of operation and 
the results of such tests and analyses 
as are deemed necessary for the proper 
eontrol of the operation of the plant. 

All operation report forms should 
contain certain essential information. 
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This would include the day of the 
week and date, the general weather 
conditions, the daily temperature and 
preferably daily precipitation. The 
report should also show the total sew- 
age flow and the sewage temperature ; 
the particular plant units in and out 
of service; the amounts of chemicals 
used at the designated points of appli- 
cation ; the volumes of screenings, scum 
and sludge removed from each unit or 
transferred from one unit to another, 
the final disposition of these materials ; 
the dates of cleaning various units; 
the depth of sludge accumulated in 
tanks, introduced onto beds or other 
drying facilities and removed there- 
from; and should include a space for 
veneral remarks in which can be placed 
specific information concerning the 
condition and use of units in the plant, 
prevalence of odors in the vicinity of 
the plant, condition of receiving body 
of water above and below the point of 
discharge of the plant effluent, and 
other pertinent data. 

No operation report is complete with- 
out the results of physical and chemical 
determinations made of samples of the 
sewage as it enters the plant and passes 
through successive steps in treatment, 
as well as a record of the removals ob- 
tained by each successive step. The 
minimum determinations which should 
be recorded as a part of the operation 
report include tests for settleable sol- 
ids, pH values of sewage and sludge, 
chlorine residual and relative stabil- 
ity, with the latter test being supple- 
mented by 5-day B.O.D. determina- 
tions where adequate facilities are 
available. 

An index map and flow diagram 
placed as a permanent record on the 
report form is a material aid in desig- 
nating the various units of the plant 
by number and in the interpretation of 
the detailed data reported. 


Operation Data 


It is rather difficult to outline in gen- 
eral the specific information which 
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should be included on each operation 
report because of the variation in the 
type of units and the degree of treat- 
ment provided for individual sewage 
treatment plants. The following sum- 
marized data, however, will give each 
plant operator an indication of the 
type of information he should record 
on his daily log and on his operation 
report, in accordance with the more 
common types of units found in sew- 
age treatment plants: 
Sewage Pumping Station: 
1. Pumps in operation 
a. Hours operated 


2. Times trash screens cleaned 
a. Quantities of trash removed 


Weather Conditions: 
1. Notation of weather prevailing 
2. Air temperature 
3. Daily precipitation 
Raw Sewage: 
1. Total daily flow 


a. Minimum flow rate 
b. Maximum flow rate 
Grit Chambers : 
1. Units in service 
2. Amount of material removed daily 
3. Disposition of grit 
4. For mechanically cleaned chambers, 
hours mechanism operated 
Sereen Chambers: 
1. Units in service 
2. Amounts of material removed 
3. For mechanically cleaned screens, 
hours mechanism operated 
4. Disposition of screenings 


Sedimentation Tanks: 
1. Septie tanks: 
a. Tanks in use 
b. Period in service 
. Depth of sludge and scum 
d. Seum broken up 
e. Volume of sludge and seum with- 
drawn 
f. Disposition of sludge 
2. Mechanically cleaned tanks: 
a. Units in service 
b. Hours mechanism operated 
e. Volumes of sludge and scum re- 
moved 
d. Disposition of sludge and scum 


Cc. 
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3. Inhoff tanks: 
a. Units in service 
b. Volume scum removed 
e. Cleaning of septum walls and 
slots 
d. Disposition of seum 


Sludge Digestion Tanks: 
1. Imhoff: 

a. Thickness of gas vent scum 

b. Depth of sludge 

e. Scum broken up in gas vents 

d. Amount of lime added when 
needed 

e. Volume of sludge withdrawn 

f. Disposition of seum and sludge 

2. Separate digestion: 

a. Volume of sludge added 

b. Volume supernatant liquor with- 
drawn 

e. Hours agitation equipment oper- 
ated 

d. Volume of water circulated 

e. Temperature heating water and 
return 

f. Volume of sludge removed 

g. Volume of sludge transferred 

h. Amount of lime added 

i. Sludge temperature 

j. Volume of gas produced 
(1) Volume of gas used 
(2) Volume of gas wasted 

k. Depths of sludge and scum in 

tank 


Dosing Chambers: 


1. Number of doses 
2. Dosing equipment and tank cleaned 


Trickling Filters: 
1. Number of units in service 
2. Inspection of surface media to detect 
clogging 
Method of treatment to prevent pool- 
ing 
4. Method of treatment for control of 
filter flies 
5. Distribution system 
a. Number of nozzles cleaned 
b. Number of orifices opened 
e. Flushing and cleaning distributor 
lines 
6. Underdrain system 
a. Flushing and cleaning 


3 


Activated Sludge: 
1. Number of tanks in service 
2. Volume of air applied 
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3. Volume return activated sludge 
4. Volume of waste activated sludge 
5. Air diffusers cleaned \ 
6. Disposition waste activated sludge 
7. Amounts and kinds of chemicals used 
for conditioning activated sludge 
Final Settling Tanks: 
1. Units in service 
2. Depth of sludge in tanks 
3. Tanks cleaned t 
4. Volume of sludge removed 
5. Disposition of sludge 
6. For mechanically cleaned tanks, hours 
mechanism operated 
Intermittent Sand Filters: 
1. Number of units in service 
2. Depth of dosage applied to beds 
3. Number of doses 
4. Number of beds cleaned 
5. Volume of material removed 
6. Disposition of material removed 
7. Depth sand replaced 





Sludge Drying: 
1. Sand beds: 

a. Number of beds in service 

b. Depth of volume 
sludge applied 

c. Period necessary for drying 

d. Depth and volume of sludge re- 
moved 

e. Drying beds cleaned 

f. Disposition of sludge 

g. Depth sand replaced 

2. Vacuum filters: 

a. Number of units in service 

hb. Hours operated 

¢. Volume of sludge filtered 

d. Amounts of conditioning chem 
icals added 

e. Filters cleaned 

f. Quantity of 
duced 


dosage and 


sludge cake pro- 
Chlorination : 

1. Weight of chlorine tanks daily 

2. Amounts of chlorine applied per day 

at designated points of application 

3. Rates of chlorine application in Ib. 

per m.g. or p-p.m. 

The terms used for indicating the 
volumes of material removed in vari- 
ous processes will generally be in cubic 
feet where the material is removed in a 
fairly dry state, such as from trash 
screens, grit chambers, screen cham- 
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bers and detritor tanks and skimming 
mechanisms for sludge removal and 
drying facilities. For sewage flows 
the results should be given in terms of 
gallons for small plants, thousands of 
gallons for intermediate size plants 
and millions of gallons for large 
plants. For miscellaneous items such 
as temperature, rainfall, gas produced, 
ete., the conventional terms generally 
applied to the specifie items should be 
used. All entries for miscellaneous 
data not ineluded as daily operational 
procedure should be made opposite the 
dates on which such observations or 
operations are made. 


Analytical Determinations 


Such physical and chemical determi- 
nations as are necessary for the partic- 
ular plant should be made at suffi- 
ciently frequent intervals to indicate 
that the various processes of treatment 
and the plant as a whole are function- 
ing in a proper manner. 

Selection of the proper determina- 
tions to be made will depend on the 
type of processes involved, the degree 
of treatment provided and facilities 
available, and the frequency of the de- 
terminations will depend on the num- 
ber of operating and laboratory per- 
sonnel employed. 

It is difficult to set forth the kind 
and frequency of analytical tests to be 
made at each particular plant. The 
following summary will, however, give 
the minimum determinations which 
should be made for proper plant con- 
trol for all sewage treatment plants, 
the additional desirable determinations 
which should be made where facilities 
and personnel are available, and other 
determinations necessary or desirable 
for special treatment processes and 
for special conditions. 

Determinations of pH should be 
made of the raw sewage daily, the 
sludge in the digestion tanks at least 
semi-monthly, the supernatant liquor 
from the separate sludge digestion 
tanks at least semi-weekly, and of the 
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raw and conditioned sludge where it 
is chemically treated prior to filtering, 
daily. 

Settleable solids determinations 
should be made daily of the raw sew- 
age, the primary effluent, the secondary 
effluent and of the final effluent, and 
the per cent removals noted. Where 
facilities and personnel are available, 
the determination for settleable solids 
should be supplemented by the de- 
termination of suspended solids. 

Methylene blue determinations of 
relative stability should be made daily 
where possible, but at least twice 
weekly, of the effluents from trickling 
filters, intermittent sand filters and ac- 
tivated sludge processes. Where per- 
sonnel and facilities are available, the 
relative stability tests should be re- 
placed by 5-day B.O.D. determinations 
made at the same frequency but in 
addition, made of the raw sewage and 
of the primary effluent. 

Residual chlorine determinations of 
the disinfected effluents should be 
made at least daily. 

Where separate sludge digestion is 
employed or where better control is 
desired of digestion and sludge drying 
processes, total and volatile solids con- 
tents of the raw, digested and dried 
sludges should be determined. Vola- 
tile acids determinations may be help- 
ful in control of heavily loaded di- 
gesters. 

Where the activated sludge process 
of treatment is employed, tests for dis- 
solved oxygen should be made of the 
sewage in the aeration and final set- 
tling tanks, as well as mixed liquor 
settleability tests. The suspended sol- 
ids content should also be determined 
of the mixed liquor and of the return 
activated sludge. 

Where the sewage is discharged into 
streams used as sources of public water 
supply or for bathing or other recrea- 
tional purposes below the point of dis- 
charge and in close proximity thereto, 
bacterial tests of the effluent should be 
made. 
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Other desirable tests, for more com- 
plete control of operation and for addi- 
tional information concerning the effi- 
ciency of treatment, include dissolved 
oxygen, free ammonia, nitrites, ni- 
trates, organic nitrogen, chlorides, 
chlorine demand and oxygen consumed. 

Special determinations are also nec- 
essary at times if industrial wastes, 
which are not normally present in the 
raw sewage, are suspected and if inter- 
ference with treatment efficiencies is 
being experienced. 


Sampling 


The results of analytical determina- 
tions included in the operation report 
ean only represent true conditions if 
the samples collected are representative 
of the sewage flow and the determina- 
tions are made in accordance with ac- 
cepted standard practice. 

It is best to collect individual sam- 
ples at definite intervals, and to com- 
bine these individual portions into a 
composite sample for analysis. Daily 
composite samples can be made up 
from individual samples collected over 
12- or 24-hr. periods, and weekly com 
posite samples can be made from com- 
posite daily samples. If at all possible, 
the individual samples should be com- 
bined into the composite sample in 
volumes proportional to the volumes 
of flow. The analyses of composite 
samples will be much more representa- 
tive of conditions at the plant than re- 
sults obtained from mere ‘‘eatch’’ or 
‘‘orab’’ samples. 

If personnel is not available to per- 
mit the collection and compositing of 
individual samples over 12- to 24-hr. 
periods, than a composite sample might 
be made covering a shorter period, 
provided that such period is selected 
to coincide with the general prevailing 
periods of greatest sewage load. 

Care should be taken in collecting 
sewage samples to use wide-mouthed 
sampling containers. In making com- 


posite samples definite intervals for 
the collection of the individual por- 
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tions that make up the composite sam- 
ple should be established and followed. 
If a short period of compositing is 
used, individual samples should be col- 
lected at least every half-hour, and if 
a longer period is used, individual 
samples should be collected at least 
every hour. 

The manual Standard Methods of 
Water and Sewage Analysis should be 
followed closely in all laboratory pro- 
cedures. 


Miscellaneous Records 


Permanent records should also be 
kept of the power consumption within 
the plant by the taking of daily meter 
readings, with separate readings of 
power consumption for special proc- 
esses. 

Regular checks should be made to de- 
termine the conditions of all mechani- 
eal and electrical equipment in the 
plant, and notations made in the daily 
log of any replacements or repairs 
made to such equipment, and of all 
maintenance done in connection there- 
with. 

Where records are made of such 
things as air temperature, rainfall, 
time of emptying and filling tanks and 
other related matters, they should be 
made at a stated time each day. 

No plant records are complete with- 
out a detailed record of the costs of 
operation. In addition to the usual 
fixed charges, the plant operator should 
maintain a complete record of the 
costs of materials and chemicals used 
for maintenance and operation of the 
plant, cost of power purchased, cost 
of equipment replaced and cost of 
additional labor employed. 

If adequate and satisfactory weekly 
or monthly records are maintained, 
then annual operation and cost reports 
ean be readily made up in a convenient 
manner. 


Use of Operation Reports 


Records maintained just for the sake 
of having them are of little value to 
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the plant operator or to the officials 
responsible for the supervision of the 
treatment works. They should be re- 
ferred to frequently by the plant oper- 
ator and should be used as yard-sticks 
for measuring the efficiency of the 
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plant, for indicating changes in opera- 
tion and treatment methods to secure 
better plant performance, and to show 
the need for additions er enlargements 
to the plant, or the need for additional 
treatment. 


THE EFFECT OF INDUSTRIAL WASTES ON SEWAGE 
TREATMENT * 


3y CHRISTIAN L. SIEBERT 


Consulting Sanitary Engineer, Camp Hill, Pa. 


This paper is intended primarily as 
an aid to sewage works operators and 
interested municipal authorities in 
their establishment of policies and reg- 
ulations concerning the discharge of 
industrial wastes to the public sewer 
system. In approaching this subject, 
it appears desirable to classify indus- 
trial waste problems into three groups, 
according to the general method of 
handling: (1) the discharge of un- 
treated wastes directly to the public 
sewers, (2) the discharge of partially 
treated wastes, after preliminary treat- 
ment by the industry, to the publie 
sewers for final treatment and disposal 
and (3) complete treatment and dis- 
posal by the industry in its own facili- 
ties and with no discharge to the pub- 
lie sewers. This paper deals only 
with problems of the first two classes. 

In most of our older and larger cit- 
ies, and also in many smaller communi- 
ties, the discharge of untreated wastes 
to publie sewers has become established 
from earlier days when the town drain, 
usually an open ditch, constituted the 
beginning of the sewer system. As 
sewage treatment works were added to 
sewer systems it became common prac- 
tice to continue to accept industrial 
wastes for treatment with sewage. 


* Presented at Lecture Laboratory Course 
on Sewage Treatment and Disposal, given by 
Pennsylvania Sewage Works Assn., at St. 
Joseph’s College, Philadelphia, Pa., on May 
23, 1945. 


The increasing complexity and mag- 
nitude of industrial waste problems, 
as well as the refinement and increased 
sensitivity of sewage treatment proc- 
esses, have brought about difficulties 
in the operation of sewage treatment 
works. The history of such diffieul- 
ties confirms the importance of so reg- 
ulating the discharge of industrial 
wastes to public sewer systems that 
abuse of the treatment works will not 
result. This is now ordinarily accom- 
plished by private preliminary treat- 
ment of the industrial wastes or, in 
some instances, by the exclusion of 
particularly troublesome wastes from 
the sewers. 

The acceptance of untreated indus- 
trial wastes by the publie system is 
ordinarily most economical in over-all 
cost. This is particularly true in the 
larger communities having diversified 
industries of ordinary type and mag- 
nitude wherein the waste waters, of 
varying character and of not dispro- 
portionate volume, mix with domestic 
sewage so that their objectionable 
characteristics are largely neutralized 
or offset to permit unimpaired opera- 
tion of sewage treatment works. Very 
real difficulties may result, however, in 
relatively small communities due to the 
discharge to the sewer system of incom- 
patible waste waters from one or a 
few large industrial establishments. 

It is obvious that, even if industrial 
wastes are of generally acceptable 
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character, proper consideration must 
be given to the type of sewage treat- 
ment selected and to the capacities to 
be provided. Also, some industrial 
establishments are so located that, due 
to space limitations or other consider- 
ations, it is not practicable to provide 
private treatment worthy of the term, 
and municipal authorities may elect 
to accept the untreated waste waters 
into the sewer system and to design the 
sewage treatment works to treat the 
sewage and industrial wastes jointly. 


Objectionable Industrial Waste 
Characteristics 

Certain industrial wastes are of such 
character that they will disturb sewage 
treatment processes, harm structures 
or add unduly to the cost of operating 
the treatment plant. Obviously, such 
wastes must be excluded from the 
sewer system and the responsibility for 
disposal must be placed entirely on the 
industrial management. 

A number of characteristics making 
industrial wastes objectionable or un- 
acceptable in public sewer systems are 
listed and discussed : 


Excessive Volume 
Whether continuous or 

large volumes of industrial 
would ordinarily require unreasonably 
large sewage treatment units and 
would usually justify the installation 
of private treatment works particularly 
designed for the character of the indi- 
vidual waste. Waste waters from some 
paper mills would be typical of this 
category. 


Clean Water 

There would be nothing to gain and 
everything to lose in adding elean or 
very slightly polluted waste waters to 
sewage, unless dilution is 
Waste water from condensers, air con- 
ditioners and_ refrigerating 
should be discharged directly to 


periodic, 
wastes 


desired. 


systems 


streams or to storm drains and rela- 
tively clean rinse waters may some- 
times be disposed of similarly. 


Ar- 
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‘angements are under way in Phila- 
delphia for the construction of sepa- 
rate drains to convey to the river the 
tremendous volumes of slightly pol- 
luted waste waters from the barometric 
condensers of evaporating systems for 
treating the highly polluting slops 
from large commercial alcohol distil- 
leries. At Paterson, New Jersey, di- 
version to the river of an average of 
11 m.g.d. of rinse waters from textile 
dye houses relieved the overloaded 
Passaic Valley trunk sewer to save an 
annual expense in sewage treatment of 
$35,000 as well as an estimated $908.- 
000 for construction of a relief trunk 
sewer. 


Hot Water 

Appreciable increase in the tempera- 
ture of sewage stimulates septic action 
in sewers, releases offensive gases at 
manholes, accelerates deterioration of 
cement and bituminous joints in sewers 
and inereases odors at sewage treat- 
ment works. 


Excessive Inorganic Solids 

Grit or insoluble slurries may over- 
load grit chambers, add to sludge vol- 
umes, compact sludge to clog hoppers 
and pipes and, possibly, develop heavy 
inert accumulations difficult to remove 
from sludge digestion tanks. Coal ash 
from boiler rooms, foundry sand, sur- 
face wash, automobile laundry wastes, 
lime wastes from tanneries, acetylene 
gas generator sludge and wash water 
from vegetable canneries are among 
the waste waters containing such sub- 
stances. The literature contains ref- 
erences to difficulties at Milwaukee at- 
tributed to wastes from stone and 
marble works and acetylene sludge, 
and to the clogging of sewers in Massa- 
chusetts by tannery lime wastes. The 
removal of sand and grit from Imhoff 
tanks has been frequently reported. 
Coarse Suspended Matter 

Obstruction of sewers, overloading 


of screens, excess scum in settling and 
digestion tanks, putrefaction in sew- 
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ers and disturbance of digestion may 
be caused by coarse suspended matter 
such as spent grains from breweries 
and distilleries, fleshings from meat 
packing houses and tanneries, solids 
from vegetable canneries and yarn and 
fabric from textile mills. Some years 
ago the writer found that foul odors 
from sewer manholes in Erie, Pa., were 
caused by decomposition of stranded 
fleshings from a meat packing plant 
and the trouble was solved by instal- 
ling specially locked screen plates in 
all floor and tank drains to prevent 
workmen from lifting the loose screen 
plates and flushing the seraps to the 
sewer. At a shoddy mill in Norris- 
town, Pa., it was necessary to install 


mechanical fine sereens to prevent 
clogging of municipal sewers’ with 


matted masses of yarn and fabric re- 
sulting from the shredding of woolen 
cloth. 


Excessive Suspended Solids 


Sewage treatment works are in- 
tended to remove suspended solids but 
an excess of such matter over the de- 
signed capacity, particularly if rapidly 
decomposable, often impairs plant 
operation by preventing effective clari- 
fication, increasing sludge volumes and 
causing difficulties in sludge digestion. 
In the small community of Jeanette, 
Pa., brewery wastes, including the ex- 
plosively decomposable proteins of 
spent yeast flushed from the bottoms 
of ageing vats, caused such violent dis- 
turbance in the activated sludge plant 
that it was necessary to suspend en- 
tirely its operation until the brewery 
wastes were excluded. At the South 
plant in Laneaster, Pa., also an acti- 
vated sludge plant, brewery wastes 
were again responsible for at least part 
of the disturbance in plant operation. 
At Akron, Ohio, rubber reclamation 
wastes carried more suspended solids 
than the sewage from the entire city. 
It is reported from Michigan that 
paper mill white water produces ex- 
cessive sludge volumes, although men- 
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tion is not made of particular difficul- 
ties in sludge digestion. 


Dissolved or Colloidal Organic Matter 


Overloading of sewage treatment 
works with reduced efficiency, septic 
disturbances and offensive odors may 
be caused by excessive organic matter 
in solution or as colloids. Milk and 
milk products plants produce waste 
waters ordinarily having a B.O.D. of 
about 1,000 p.p.m., or about five times 
that of average sewage, and heavy dis- 
charges of such wastes will affect sew- 
age treatment processes. Many in- 
stances have been reported of foaming 
in Imhoff tanks due to milk wastes. 
The waste waters from vegetable can- 
neries (corn 2,500 p.p.m. B.O.D., peas 
1,400 p.p.m. and tomatoes 850 p.p.m), 
usually large in volume and seasonal 
in ineidence, may easily disrupt plant 
operation. Wastes from distilleries, 
breweries, tanneries, rubber reclama- 
tion plants, wool scouring and textile 
washing may also be_ troublesome. 
Cherry and tomato cannery wastes 
seriously affected the sewage treat- 
ment plant at North East, Pa. Dis- 
solved and colloidal matter in brewery 
wastes has contributed to operating 
difficulties at Jeannette, Lancaster, and 
Norristown, Pa. <A large meat-pack- 
ing plant in Allentown, Pa., quite ef- 
fectively removes grease and the larger 
solids from its waste waters but, 
nevertheless, odors and other objec- 
tionable conditions result therefrom 
at the municipal sewage treatment 
plant. In Washington, D. C., veast 
plant wastes, high in both sulphur and 
temperature, have been held respon- 
sible for disintegration of sewers. It 
is reported that in Gastonia, N. C., 
textile wastes not only colored the 
effluent of the sewage treatment plant 
but disrupted the activated sludge 
process. 


Grease, Oil and Tar 


Many sewage treatment plants have 
been somewhat affected by floating oil 
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and accumulations of grease. Grease 
and oil, as well as heavy tar, may be- 
come incorporated with settling solids 
to disturb normal sludge digestion. 


Furthermore, oil in a treatment piant 


is a possible fire hazard. Automobile 
laundries, garages and service sta- 
tions, oil refineries, machine shops, 


meat packing plants, hotel and institu- 
tional kitchens, wool scouring plants, 
and gas works are common sources of 
such objectionable matter. Garages 
and service stations, particularly, are 
a potential danger because of the con- 
venience of the floor drain for disposal 
of oil by the careless employee, and 
suitable separators or traps should al- 
ways be required and their frequent 
cleaning enforeed. At Clifton Heights, 
Pa., the waste waters from wool scour- 
ing plants are separately collected and 
subjected to preliminary sedimenta- 
tion and grease flotation before dis- 
charge to the public sewer. 

It seems pertinent to mention the 
inadequacy of most grease traps in- 
stalled in the drains serving large 
kitchens, and their almost universal 
neglect. It is the writer’s opinion 
that, in most instances, the commercial 
grease trap as installed by the average 
plumber is of practically no value to 
anyone, except for the profit to the 
plumber, because it is invariably filled 
with grease in a very short time and, 
not being cleaned at proper intervals, 
is about as useful as is the human ap- 
pendix. 


Inflammable Substances 


Explosions in sewers, pumping sta- 
tions and sewage treatment plants 
eaused by gasoline or other inflam- 
mable liquids have been all too fre- 
quent and have resulted in loss of life, 
personal injuries and great property 
damage. Waste waters from garages, 


dry cleaning plants, chemical indus- 
tries and gas works are among the pos- 
sible sources of such dangerous liquids. 
The literature records an explosion in 
a sewage pumping station in East Bos- 
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ton in 1914 which killed six persons 
and injured others, and also a serious 
explosion at Springfield, Mass., in 1934. 
The writer recalls viewing the damage 
of a sewer explosion in Pittsburgh 
some years ago when several blocks of 
a street were destroyed. 


Acid Wastes 

The disintegration of concrete sew- 
ers, cement joints, treatment plant 
structures, pumps and iron pipe may 
be caused by acid wastes, which some- 
times may be sufficiently strong to 
interfere with biological sewage treat- 
ment processes. Waste waters from 
metal pickling, certain oil refining 
processes and many miscellaneous in- 
dustrial processes contain acid. At 
Fostoria, Ohio, acid-iron wastes com- 
pletely clogged a trickling filter and 
Cleveland also reported serious difficul- 
ties from such wastes. At West Pitts- 
burgh, Pa., some years ago, the piping 
valves and concrete of the small com- 
munity sewage treatment plant were 
so disintegrated by the spent acid 
pickle liquor of the town’s principal in- 
dustry that major reconstruction was 
necessary. It seems pertinent to men- 
tion here the danger of the clogging 
of air diffusers in activated sludge 
plants by acid-iron wastes discharged 
to sewers. 

The Maryland Board of Health has 
established a minimum pH of 4.0 for 
wastes discharged to econerete sewers 
and some other authorities consider 
pH 5.5 as the acceptable minimum. 


Strongly Alkaline or Caustic Wastes 
Pumps and metal pipe may be at- 
tacked by strong alkaline or caustic 
wastes which may also affect biological 
treatment processes. Kier liquor from 
textile mills and caustic rag digester 
wastes from some paper mills are pos- 
sible causes of such trouble. Salt 
from the leaching of green salted hides 
at Hanover, Pa., caused the destruction 
of a pump serving to lift the waste 
waters from a hide and tallow plant to 
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the publie sewer system, and the over- 
flow from the inoperative pumping sta- 
tion killed thousands of fish over a 
stretch of several miles i» the receiving 
stream. 


Toxte Substances 


The disruption of biological proc- 
esses of sewage treatment by a number 
of toxic wastes has become more com- 
mon recently, due in no small part to 
the development of metal plating and 
to the more common application of 
chemical processes in many of the 
smaller industrial establishments. Cy- 
anides as wasted from metal plating, 
although not cumulative, are toxie to 
biological activity when present in 
dilutions as low as 1 p.p.m. Copper, 


also common in plating wastes, is 
cumulative in effect and even small 


amounts will prevent sludge digestion. 
Phenols from gas works, arsenic and 
lead compounds are also harmful. 
Activated sludge plants and trickling 
filters are particularly susceptible to 
disinfectant or toxie substances. 

At the Calumet plant of The Sani- 
tary District of Chicago, wastes from 
the paint industry, containing copper, 
arsenic and lead interfered seriously 
with activated sludge and _ trickling 
filter units. At Muskegon Heights, 
Mich., copper and eyanides from metal 
plating practically stopped sludge di- 
gestion. At Lancaster, Pa., overflow 
of phenolic wastes from a gas works to 
the public sewers disrupted the action 
of an activated sludge plant. 


Miscellaneous Wastes 


Appearance or odor of sewage treat- 
ment plant effluent may be affected, as 
well as disturbance of biological treat- 
ment processes, by dye wastes, spent 
tanning liquor and strong wastes from 
meat packing, wool scouring and other 
industries. Faint color, of itself, need 
not be objectionable in a treatment 
plant effluent, as considered by the 
sanitary engineer, but most complaint 
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from the public is based on appearance 
of a stream. Most of the dyes now 
used in the textile industry are of the 
‘‘direet’’ type and the wasted color is 
largely absorbed by sewage particles 
or dissipated in oxidation processes. 
Odors in sewage treatment plant 
effluents are, however, sometimes quite 
significant and may lead to the identi- 
fication of industrial wastes whose 
harmful effects on the sewage treat- 
ment process might not otherwise be 
recognized. 

Although often overlooked, laundry 
wastes are sometimes a disturbing fac- 
tor in sewage treatment plant opera- 
tion, as learned by a number of opera- 
tors of treatment works at military 
establishments. It appears logical, in 
general, to assume that if laundering 
were done entirely in homes there 
would be no question about the pro- 
priety of admitting the laundry water 
to the sewers, in spite of the heavy 
Monday load. Large commercial laun- 
dries, however, particularly in small 
communities, may discharge intermit- 
tently such large quantities of wastes, 
heavy with soap, that sensitive sewage 
treatment processes may be seriously 
disrupted. Institutional laundries are 
notorious for their effect on sewage 
treatment plant operation. It is well 
to remember that laundry wastes are 
considerably higher in _ pollutional 
characteristics than is the average dye 
house waste. 


Preliminary Treatment of Industrial 
Wastes 


In spite of the many difficulties in- 
volved in the acceptance of industrial 
wastes in the public sewer system the 
practice is, in general, the best method 
of handling the problem. Certain 
wastes having objectionable character- 
istics, however, must be given prelimi- 
nary treatment at the source to elimi- 
nate or minimize their harmful effects. 
In addition, the few wastes which are 
incompatible and incapable of satis- 
factory treatment by available sewagi 
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treatment processes must be excluded 
from the sewers. The usual methods 
applicable to the preliminary treat- 
ment and control of industrial wastes 
follow: 


Regulated Discharge: It is obvious 
that if a waste normally discharged in 
8 hours is uniformly distributed over 
24 hours its effect should be reduced 
to one-third. This applies not only to 
volume but also to organic load and 
temperature. Holding tanks or basins 
with orifice box control of discharge 
are practical for this purpose and 
may be supplemented by aeration to 
prevent odors of decomposition during 
the storage period. 

Screening: Excessive solids ean be re- 
tained by passage through screens of 
suitable fineness. Mechanical screens 
of both the vibrating and rotary type 
are in common use and are much more 
satisfactory than manually cleaned 
screens which are too often neglected. 

Plain Sedimentation: Heavy settle- 
able solids, such as grit and other min- 
eral matter, can be retained in erit 
chambers or properly designed sedi- 
mentation tanks. Similar treatment 
may sometimes be justifiable for re- 
moval of excessive organic solids such 
as from meat packing plants and vege- 
table canneries. 

Chemical Coagulation and Sedimen- 
tation: In addition to plain sedimenta- 
tion, chemical coagulation may be re- 
sorted to for removal of fine suspended 
solids and colloidal matter if such 
matter proves troublesome. 

Flotation: Removal of oil and grease 
by flotation in units known as separa- 
tors or grease traps is standard prac- 
tice and the value of the reclaimed 
material often pays for the cost of its 
recovery. Application of diffused air 


or chlorine adds to the effectiveness of 
such treatment. 

Acid Cracking: Grease and oils in 
emulsified form are not separable by 
plain flotation and must sometimes be 
subjected to acidification to break the 
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emulsion and cause the grease or oil 

to float. 

Neutralization: Acid wastes may be 
neutralized by properly controlled ap- 
plication of alkaline agents but it may 
be necessary to supplement this with 
sedimentation to prevent admission of 
resultant sludge to the sewer system. 

Modification of Manufacturing Proc- 
esses: It may be justifiable and even 
necessary in extreme cases to reduce or 
eliminate particularly objectionable 
waste water characteristics by effect- 
ing major changes in plant operations 
or processes. Careful studies to this 
end undertaken by plant managements 
will often reveal needless extravagance 
in use of water, waste of soap or chem- 
icals and failure to recover materials 
which may become valuable by-prod- 
ucts. 

Heat Exchange: Reduction in tem- 
perature of waste waters may be re- 
dueed, often with substantial savings 
in fuel, by the installation of heat-ex- 
change apparatus. 

Chlorination: Rapidly decomposable 
material may be treated with chlorine 
before discharge to suspend decompo- 
sition and thereby control objection- 
able odors from sewer manholes and 
prevent production of destructive com- 
pounds until the waste waters become 
sufficiently diluted farther down in the 
sewer to establish a safe balance. 

A few examples of typical methods 
of preliminary treatment follow: 

1. Abattoirs and Packing Plants: Segre- 
gation and salvage of blood, paunch 
manure, ete., screening and salvage of 
fleshings, sedimentation of, fine solids, 
flotation and recovery of grease (pos- 
sibly with addition of chlorine or air) 
and carefully planned economy in use 
of water. 

2. Acid Pickle Liquor: 
and sedimentation. 

3. Breweries: Sereening of spent grain 
for use as cattle feed and, sometimes, 
regulated discharge of aging vat lees, 
bottle wash and keg wash. In large 
breweries conversion of vat lees to 
foodstuff of high vitamin and_ pro- 
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tein content might be profitable or at 
least justifiable if exclusion from the 
sewer system is necessary to prevent 
disturbance of sewage treatment proc- 
esses. 


. Gas Works: Exelude entirely from 


sewers. 
Mills: Generally to be 
cluded from sewers but sometimes ad- 
missible if the volume is reduced to 
a minimum by recireulating or closed 
system, including an efficient “save- 
all” for retention of settleable or flo- 
table solids. 

Vegetable Canneries: Screening 
through 30- or 40-mesh wires, correc- 
tion of reaction if a low pH is trouble- 
some and possible regulated discharge. 
Relatively clean cooling water should 
be excluded from the sewers. 
Minimize milk losses 
from ean washing by installation of 
drip savers and pre-rinse jets and 
prevent losses from evaporators by 
the installation of entrainment sepa- 
rators. Positively prevent the dis- 
eard of skim milk to sewers. Regu- 
lated discharge is sometimes advisable 
because of peak high loads and aera- 
tion of waste holding tanks is desir- 
able to prevent septic action and local 
nuisance. 


ex- 


. Textile Mills: Sereening and regu- 


lated discharge may suffice but chem- 
ical coagulation and_ sedimentation 
may be necessary in some cases. Reg- 
ulated discharge is sometimes impor- 
tant to prevent bulking in activated 
sludge plants. Color, in itself, is 
ordinarily not important, particularly 
if the sewage treatment process in- 
cludes oxidation. If sulfur dyes are 
present special treatment may be 
necessary. Wool scouring’ wastes 
usually require special treatment for 
removal of grease. 


. Distilleries: All distillery slop should 


be sereened for recovery of spent 
grain, which is valuable as stock feed, 
and the screened slop should be com- 
pletely evaporated to produce mate- 
rial of high vitamin and protein con- 
tent for fortification of foodstuffs. 
Large volumes of barometric con- 
denser water should be excluded from 
the sewer system. 


INDUSTRIAL WASTES AND SEWAGE TREATMENT 


103 


Inspection and Control 


The problem is not solved merely by 
the installation of properly designed 
works for preliminary treatment of 
objectionable waste waters. Routine 
inspection by municipal authorities 
and tests of efficiency of such works 
must be made to insure their proper 
operation and maintenance. Indus- 
trial managements are too likely to 
forget their responsibilities in matters 
which do not produce a profit but 
which, on the contrary, usually cost in 
proportion to their effectiveness. 

An essential feature in a program 
for control of sewage treatment diffi- 
culties due to industrial wastes is an 
orderly system of recognizing trouble 
when it occurs, identifying its source 
and setting in motion the machinery 
for correction at the source. Follow- 
ing is an outline of procedure appli- 
eable to an average situation: 


1. Operator observes and _ records 
difficulties—date, time of day, ap- 
pearance, effect, ete. 

Operator reports to superinten- 

dent or engineer. 

3. Superintendent or engineer makes 
survey to identify source of harm- 
ful waste. 

4. Superintendent or engineer re- 
ports conclusions to department 
head or council. 

5. Municipal authorities negotiate 
with management of responsible 
establishment for adoption of 
suitable preliminary treatment 
or elimination of harmful dis- 
charge. 

6. Careful study of plans for pre- 
liminary treatment by the engi- 
neer and approval of treatment 
by municipal authorities only if 
the proposal is fully satisfactory 
and then subject to suitable con- 
ditions and stipulations. 





bo 


Conclusion 


The operator who merely grumbles, 
speculates and struggles to combat the 
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effects of industrial wastes on his plant 
is likely to cultivate an unpleasant dis- 
position while the condition steadily 
becomes worse. Alertness to unusual 
difficulties and a systematie procedure 
toward correction are necessary to keep 
plant ailments from becoming chronic. 

The best efforts of a plant operator 
are of little avail if he is not supported 
by superiors who are willing to help 
him in his difficulties and who have 
proper legal control over the use of 
the sewerage system. Every municipal- 
itv should have a comprehensive ordi- 





January, 1946 


nance, prepared by experts, specifi- 
eally regulating industrial waste dis- 
charges to the sewer system. More- 
over, although this is perhaps beyond 
the intended scope of this paper, the 
writer is of the firm opinion that an 
equitable and rigidly administered fee 
or rental system for admission of indus- 
trial wastes to the public sewer system 
not only places the burden of expense 
where it belongs, but is an important 
element in establishing the proper re- 
sponsibility to prevent abuse of sewage 
works. 


USE OF EFFLUENT WATER IN SEWAGE TREATMENT PLANTS * 


By Ropert BURRELL 


Superintendent, Sewage Treatment Plant, West Haven, Conn. 


The proper use of water in any sew- 
age treatment plant is an important 
factor in the economy of plant opera- 
tion. If plant effluent water can be 
used as a substitute for the public 
water supply in operations where po- 
table water is not absolutely essential, 
a yearly saving can be realized which 
may pay off the cost of the original in- 
vestment in two or three years. At 
West Haven, use of the publie supply 
has not been abandoned, but it is re- 
served for necessary services only. In 
cities or towns where the watersheds 
are in a constant source of danger from 
drought and evaporation the saving of 
public water by the local sewage treat- 
ment plant might well be an obligation 
which should not be overlooked. 

An effluent water pumping system is 
used successfully at West Haven. 
The raw sewage at the plant is settled 
in three plain sedimentation tanks, 
each 100 ft. long, 12 ft. wide, and hav- 
ing an average water depth of 8 ft. 


* Presented at the 16th Annual Meeting of 
the New England Sewage Works Association 
held at Springfield, Mass., on September 12, 
1945. 


Raw sludge is collected in hoppers at 
one end of the tanks. This raw sludge 
is filtered through two vacuum filters. 
Before discharge to Long Island Sound 
the settled sewage is disinfected with 
chlorine. The town population is 
30,000; the sewerage system serves 
25,000. The remaining 5,000 people 
are served by private septic tanks and 
cesspools. 

In 1940 Mr. Robert J. Hodge, presi- 
dent of the American Buckle Company 
and a member of the local Board of 
Finance, criticized the yearly plant 
bill for public water which amounted 
to $1,300. He said that his company 
used a well-point system with pressure 
tank and air compressor, which sup- 
plied them with all the water required 
at a good saving in plant operation. 
He suggested that this system be in- 
vestigated and, if found practical, that 
a similar one be installed at the sewage 
treatment plant. 

Well-point tests made at the plant 
indicated a fine sand infiltration at 
depths down to 50 ft. This method 
was abandoned and studies were made 
by John F. Lynch, Town Engineer, to 
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determine the use of effluent water 
pumped through a pressure system. 
It was decided that a basement store- 
room 12 ft. square in the main operat- 
ing building would serve as a pump 
room. Effluent water could be taken 
by gravity from the effluent channel to 
the pump. The difference in elevation 
allowed a minimum 6-ft. head of water 
above the center line of the pump inlet. 

The project, as installed, will be dis- 
cussed in this paper under the follow- 
ing five divisions: (1) construction, 
2) maintenance, (3) uses and advan- 
tages, (4) disadvantages and (5) cost 
and savings. 


Construction 


A pump, motor, pressure tank, Nu- 
Matie tank and pressure regulator were 
brought from the Fairbanks-Morse Co. 
These items comprise the pumping sys- 
tem and are described in detail as fol- 
lows: 

One 114-in. centrifugal pump. Fig- 
ure Number 5870 NE, with a speed of 
3,450 r.p.m. This pump is eapable of 
discharging 100 g.p.m. at 60 p.s.i. 

One 7.5-h.p. Type QS Fairbanks- 
Morse ball bearing motor, 3,600 r.p.m., 
3 phase, 60 eyeles, 220 volts. 

One 525-gal. capacity black iron 
pneumatie pressure tank, 10 ft. long 
and 38 ft. in diameter. The working 
pressure is 75 p.s.i. This tank is 
equipped with a manhole and cover on 
one end and with water gauge glass, 
valve and drain cock fittings. 

One Cutler-Hammer diaphragm 
pressure regulator, set to operate be- 
tween 50 and 70 p.s.i. 
Nu-Matie water and air con- 
trol tank manufactured by the Clayton 
Manufacturing Company of Alham- 
bra, California. 

The price of all the above equipment 
was $415 with freight allowed to West 
Haven, Conn. These prices were at 
pre-war levels. The equipment was 
installed with plant labor and engi- 
neering but electrical and plumbing 
work was done by contract. 


One 
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It was suggested that a small air 
compressor be installed as a standby 
unit in ease of an emergency break- 
down, which unit would have cost $100. 
This was not purchased but a broken 
connection was installed in order to use 
the public water service if required. 
This has been a safety factor and it 


has been necessary to use it several 
times in five years. Each time the 


effluent water system was restored to 
service as soon as possible. 

During construction work the pump 
house was by-passed and the flow of 
water diverted from the effluent chan- 
nel to Oldfield Creek, which flows to 
New Haven harbor. 

About 80 ft. of 4-in. feeder pipe 
was installed from the effluent channel 
to the pump inlet in the pump room. 
This run of pipe required holes to be 
broken in three concrete walls and the 
last 2 ft. of excavation was in mud. 
A sump pit dug lower than the trench 
floor helped the pumping operations 
considerably. <All piping laid in 
trenches was supported with 12 in. of 
stone ballast, which covered the floor 
of the trench. All piping of 2-in. or 
over was lined inside with bitumastiec 
and the outside was covered with bitu- 
mastic and wrapped in felt. 

It is necessary to strain the effluent 
water before it enters the pumping 
system (Figure 1). <A standard 
piece of 4-in. pipe, 4 ft. long, was 
drilled with 6 rows of %-in. diameter 
holes spaced 4 in. on centers. This 
strainer is capped at one end and the 
other end is connected to a 4-in. gate 
valve. 

Another strainer made of fine wire 
mesh was built to enclose the perfo- 
rated pipe. The protection of both 
strainers allows nothing but the finest 
silt or grease to flow through to the 
pumping system. There are occasions, 
however, when tomato seeds pass 
through the strainers. This strainer 
system is located in the effluent chan- 
nel of the settling tanks and a 6-in. 
baffle was built ahead of the strainer 
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to insure submergence at the hours of 
least flow. This bulkhead is open at 
the bottom for the full width of the 
channel to prevent sedimentation and 
to allow a steady flow. The strainer 
pipe was laid so that the pipe invert is 
2 in. above the concrete channel floor. 
This clearance allows the fine screen to 
be telescoped over the coarse strainer. 

At the pump room end of the sue- 
tion pipe, just ahead of the pump, was 
installed a 4-in. gate valve and a 1-in. 
drain with valve, so that the suction 
could be cleaned. This drain pipe was 
carried into a pit in the pump room 
and piped to the sump servicing the 
main building. 

The 2-in. discharge from the pump 
is connected to the underside of the 
525-gal. pressure tank. In this pipe 
was installed a 4-in. standpipe, 4 ft. 
long, to act as an air chamber, a 2 in. 
check valve and then a 2-in. gate valve 
(Figure 2). 

From the discharge outlet of the 
pressure tank is extended a 2\-in. pipe 
which feeds two 2-in. pipes, one serving 
the two chlorinators on the operating 
floor and the other of which extends to 
a yard manhole near the three settling 


tanks. There is a valve control in this 
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manhole and a system of 1%-in. piping 
and hoses. This system is used to 
wash down the settling tanks and break 
down the scum and heavy sludge in the 
sludge storage basin. 

A 2-in. valve was installed at the 
pressure tank outlet in order to empty 
the tank for cleaning purposes. 

The line serving the chlorinators 
contains a strainer system which is 
connected directly to the discharge 
pipe of the pressure tank. It is con- 
structed similarly to the by-pass pip- 
ing in a water meter pit. The single 
2-in. discharge is separated into two 
2-in. by-pass lines by means of tees, 
elbows and nipples. Each by-pass line 
contains gate valves set on either side 
of a combined strainer and sediment 
trap, which trap has a removable cover 
and a drain plug. It also contains a 
strainer screen with fine mesh of about 
200 perforations per sq. in. This sys- 
tem allows each strainer to be cleaned 
separately without shutting down the 
operation of the pumping system. 

A soft silt or grease will colleet in 
the pressure tank even though the 
effluent water may seem clear. These 
fine mesh strainers will prevent such 


from reachine the chlorina- 


sediment 





FIGURE 1.—Strainer at suction intake in effluent channel of sedimentation tank. 
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FIGURE 2.—Pump, pressure tank and 


tors and fouling their delicate meehan- 
isms. 

Rubber chlorine hose lines, 114 in. 
in diameter, extend from the two 
chlorinators to a valve control board 
directly behind the machines. From 
here they extend to pre- and_ post- 
chlorination points. 
break in each hose line, that being a 
hard rubber drain valve installed at 
the lowest point. These chlorine hoses 
have free open outlets extending into 
the lowest depths of the screening pit 
and the outfall pump house pit. 

The Nu-Matie water and air control 
is really the heart of the system. If 
this fails all operation stops. This de- 
vice is a small tank 81% in. in diameter 
and 28 in. long. It has two chambers, 
the upper or float chamber and the 
lower or compression chamber. A 
copper water tube extends from the 
bottom of the Nu-Matie tank to the 
bottom of the 525-gal. pressure tank. 
Another copper tube for air extends 
from the top of the Nu-Matie to the 
top of the pressure tank. A gauge in 
the air line indicates the pressure in 
both tanks. The air tube connects to 
the Cutler-Hammer regulator which 
in turn connects to an automatic 


There is only one 
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piping used in effluent water system. 


switch which starts and stops the pump 
motor. 

The Nu-Matie control was originally 
installed in accordance with the manu- 
facturer’s instructions so that a pre- 
determined control water line in the 
top chamber is on the same level as the 
required minimum water line in the 
large pressure tank. The control 
system continues to operate by means 
of air and water displacement while 
there is the slightest head of water in 
the pressure tank above the control 
water line. The method of operation 
is explained as follows: 


Water is pumped into the pressure 
tank until the pressure reaches 70 Ib., 
when the pump motor auto- 
matically. The water in the pressure 
tank is above the control water line and 
this head of water causes a flow from 
the large pressure tank into the bot- 
tom chamber of the small Nu-Matic 
tank. This bottom chamber is origi- 
nally filled with air at atmospheric 
pressure which enters by means of a 
needle valve in the bottom of the tank. 

Approximately three gallons of 
water flow from the pressure tank into 
the Nu-Matie and while this occurs 


stops 
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there is a ball float arrangement in the 
pressure chamber which operates a 
see-saw valve controlling the inlet and 
outlet water and at the same time con- 


trolling an air valve to the upper 
chamber. While filling the lower 


chamber the water forces the air from 
the lower into the upper chamber and 
from there to the top of the pressure 
tank. This air passes through a water 
seal in the upper chamber. At the 
instant the lower chamber is entirely 
filled with water three valves operate 
as follows: 


The see-saw valve closes the inlet 
water line and opens the outlet dis- 
charge line. The ball float arrange- 
ment raises the inverted copper float 
in the upper chamber and shuts off 
the air outlet valve. Now the three 
gallons of water discharge from the 
bottom of the Nu-Matie tank, the total 
time of discharge being about one min- 
ute. A vacuum has now been created 
in the lower chamber because the water 
has forced out the air and has sub- 
sequently drained off. Due to this 
vacuum, air is now drawn through the 
air needle valve into the lower cham- 
ber. Since there is still a head of 
water in the pressure tank this cycle 
is repeated. 

In this manner three eallons of 
water flow from the pressure tank into 
the Nu-Matie tank and the equivalent 
amount of air flows from the Nu-Matie 
to the pressure tank. This displace- 
ment of water and air continues dur- 
ing the time there is any head of water 
in the pressure tank. When the water 
line of both tanks is the same the 
proper water level and air volume has 
been attained and from that time the 
Nu-Matie operates automatically to 
cheek and correct this condition. 


Maintenance 


Once a week the strainer and sedi- 
ment trap in the water line between 
the pressure tank and the Nu-Matic 
tank are cleaned. Both strainers in 
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the 2-in. by-pass system between the 
pressure tank and the two chlorinators 
are cleaned weekly. Each month the 
bonnet from the 1%%-in. centrifugal 
pump is removed and any foreign mat- 
ter which might have passed through 
the screens in the effluent channel is 
cleaned out. The water seal packing 
and the discharge tubing which serves 
the water cooling system is checked at 
this time. It is necessary to shut down 
the system for about one hour when 
the pump bonnet is removed but the 
strainers can be cleaned without stop- 
ping the operation. 

The pump and motor bearings are 
checked onee a day but lubrication at- 
tention is necessary only once in three 
months. At least once in three months 
the system is shut down for a general 
cleaning of the pressure tank. If nee- 
essary, the interior of the tank is dried 
and repainted with hot bitumastic 
paint. All exposed piping and the 
pressure tank exterior is painted once 
a year with bitumastiec paint. 


Uses and Advantages 

Clarified sewage effluent is used to 
serve two chlorinators, except for 
maintenance of the seal at the water 
trays of the machines, where the public 
water supply is used. Each chlorina- 
tor has a maximum chlorine dosage 
capacity of 300 lbs. per day. These 
two machines serve two and sometimes 
three chlorine 1% in. 
diameter. 

The effluent water is also used from 
a yard manhole to wash down the 
three settling tanks daily and_ for 
breaking up the sludge stored in a 
converted Imhoff tank. Since this 
tank accumulates about nine months 
of sludge before it is pumped to the 
auxiliary sludge beds, the scum and 
top sludge becomes very compact and 
requires heavy water pressure to make 
it flow through the sludge pumps. 

The total volume of water saved by 
the above uses is estimated at 4 m.g. 


hose lines of 


per year. 
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Disadvantages 


The effluent water system does de- 
velop trouble at times. As stated be- 
fore, the Nu-Matie tank may be elassi- 
fied as the heart of the system and, like 
the human heart it has its breakdowns. 
Most of these breakdowns, however, 
can be repaired and the system re- 
stored to operation relatively quickly. 

There is a 4¢-in. rod connecting the 
upper and lower chambers, which 
helps to operate the ball float mechan- 
ism in the pressure chamber. This 
rod disintegrates due in part perhaps 
to the effects of the hydrogen sulfide in 
the effluent water. When the rod 
fails, it is necessary to dismount the 
tank entirely and to replace this rod 
with the toughest piano steel wire 
available. 

The copper flapper valve which oper- 
ates the air inlet needle is so delicate 
that a hinge will break occasionally. 
The holes through which the effluent 
water passes to actuate the three in- 
ternal valves are so small that foreign 
particles will plug them and interfere 
with operation. The inverted copper 
float in the upper chamber develops 
leaks and requires periodic repair or 
replacement. During the war these 
replacements were not available and 
home-made parts were used in order 
to keep the system operating. 

The pump ean also develop trouble. 


Tomato seeds will find their way 
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through the screens in the effluent 
channel and when they have swelled 
they will not pass through the small 
impeller passages of the pump. Since 
they cannot pass the impeller they cut 
down the volume of discharge. They 
have caused the pump to churn and 
continue to run without reaching the 
maximum pressure of the regulator. 
This will generally cause the system to 
become water-logged. The remedy is 
to remove the pump bonnet and clean 
out the shell with a wire hook. 


Cost and Savings 


The total cost of installing the 
effluent water system was $1,400. Of 
this amount $415 was paid for the 
pump, motor, Nu-Matie tank, pressure 
tank and the pressure’ regulator. 
Most of the unskilled labor was per- 
formed by municipal employees. The 
electrical work and some of the plumb- 
ing was done by contract. 

The public water bill for the year 
1939, before the installation of this 
system, was $1,300. The public water 
bill for 1940, the first year of opera- 
tion, was $720. 

The yearly saving is estimated to be 
$500 after deducting the cost of opera- 
tion, which saving has been fairly con- 
sistent during the five years of opera- 
tion of the effluent water system. 
Thus the cost of the original invest- 
ment was repaid by savings within the 
first three years. 


BARK FROM THE DAILY LOG 


By WALTER A. SPERRY 


Superintendent, Aurora (Illinois) Sanitary District 


November 2—There are 24 sewage 
treatment plants on the Fox River 
between the Wisconsin line and the 
mouth of the stream. Every com- 
munity has a sewage treatment plant 
except East Dundee and Yorkville 
and these are planned for post-war 


construction. The existing plants in- 
clude those serving two industries, 
three private institutions and two 
state institutions. They represent an 
investment of about $3,700,000 and 
serve some 150,000 persons. The 
State Sanitary Water Board considers ° 
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the Fox River program to be one of 
the most successful pollution abate- 
ment campaigns in the U. S. 

Rumor has it that soon all these 
plants will be required to provide 
effluent chlorination during the sum- 
mer season—a delightful anticipation 
for the many recreation camps lo- 
cated along the river banks. The 
Aurora chlorinator, with equipment 
to handle ton containers, is ready. 

if proof were needed that the Fox 
River is much improved over 20 years 
ago, old Mr. Wormley can supply it. 
The other day, while making some 
river tests, we found him fishing 
from a nearby bridge. To our amaze- 
ment he showed us a diary in which 
he had recorded his catch since Aug- 
ust 9. It recorded a total of 196 
bass of legal size and €0 catfish. 
Upon relating this at a Board meet- 
ing, one of the trustees told of a 
friend who had caught six bass one 
Sunday while fishing from the river 
bank in his own back yard! 


November 5—Here is an idea we 
think worth passing along. We have 
a roadway passing between two sets 
of sludge beds. Originally a 10-in. 
insert pipe with Dresser couplings 
was provided; this was lifted and 
bolted in place and laid aside again 
as needed to convey sludge across the 
road. The operation required several 
men an hour of time. We finally 
bolted the pipe in place, wrapped 
and wired it with heavy roofing paper 
and bedded it in concrete in such a 
way that it could be removed if 
necessary. We then reshaped the 
roadway over it with gravel from our 
own pit. 

This job required a cubic yard of 
concrete. We have so little need for 


concrete that we do not own a mixer 
and had no desire to mix such a 
quantity by hand, so we sent the 
truck downtown and bought a yard 
of mixed concrete from a cement 
block plant. This stunt saved con- 
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siderable time as well as a lot of hard 
work. 


November 7—Today we received the 
Annual Report of the City Engineer, 
Dr. E. J. Hamlin, of the city of Johan- 
nesberg, South Africa, for the year 
1943-44. This has been our annual 
privilege ever since Dr. Hamlin’s visit 
here some years ago. We have ex- 
changed reports and an occasional 
letter ever since. 

One can well appreciate the mod- 
ern and metropolitan air of this city 
of near 400,000 population when ex- 
amining these reports. There is al- 
ways something to arouse wonder and 
stimulate interest. 

Some two years ago we wondered 
whether it might not be possible to 
make methyl! alcohol from our waste 
gas, so we Studied up a bit in our old 
organic chemistry and talked it over 
with the chemistry professor of the 
local college. Imagine our interested 
surprise to read in this Johannesberg 
report that the Department of Com- 
merce and Industry had requested the 
City Council to co-operate in the de- 
velopment of a process for converting 
the unused digester gas into methy! 
alcohol and formalin solution! Com- 
plying with this request, the City 
Council voted 5,000 pounds for the 
erection of a commercial scale pilot 
plant. At this writing the plant is 
partly constructed. 

Our hats are off with admiring re- 
spect for this sort of initiative! 


November 14—-Some days the work 
around a plant is so uneventful that 
the silence is broken only by the 
normal hum of the engines. The next 
day may be a “‘three-ringed circus,” 
popping off with an urgent telephone 
ring as one comes in the door. 

Take today for instance. The 
phone was ringing when Wiilliard 
came in—a lady wanted a sewer lo- 
cation immediately. Then we were 
tied up downtown for an hour get- 
ting petitions signed requesting the 
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City Election Commission to put the 
question of a Municipal Retirement 
Fund for our plant employees on the 
ballot next spring. En route to the 
plant again, we passed a car from 
Saskatchewan, Canada, and wondered 
where they were going, only to find 
twenty minutes later, while catching 
up on the day’s laboratory chores, 
that they were coming to see us. Our 
guests were Mr. J. G. Schaeffer, Divi- 
sional Director of Sanitation for the 
Province of Saskatchewan and Mr. 
R. W. Allen, City Engineer of Regina 
—two delightful gentlemen on an in- 
spection tour. Dropped all and sun- 
dry routines and spent the morning 
talking shop. 

They were so interested in the new 
screen and screenings grinder that we 
have on order that we took them to 
visit the American Well Works Co. 
and, of course, they took us all to 
lunch. 

Back to the plant and another hur- 
ried trip to town with pick, shovel 
hammer, rod and tape to locate a 
manhole buried under six inches of 
tough tar and gravel, so that another 
lady might be assured of a sewer con- 
nection. Out to the plant again to 
find that the tractor had side slipped 
into a swamp while leveling grit and 
that a neighbor boy had arrived with 
his ‘Farmall’ to help pull it out. A 
$5 bill made him willing to come 
again, if and when. Then we ran gas 
tests for the week, took advantage of 
the warm sun to start a crew at paint- 
ing some of the filter wall copings 
and called up a local garage to hurry 
our truck repairs so that we could 
make the already delayed pumping 
station inspections. Then it was five 
o'clock and the excitement had fi- 
nally subsided. 


November 23—A telephone message 
this afternoon from the Fire Depart- 
ment indicates not only an on-the-job 
alertness and thoughtfulness but em- 
phasizes the problem of sewage plant 
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hazards as well. A moving van had 
overturned in a_ traffic accident 
downtown, and had spilled 50 gallons 
of gasoline in the street. The Fire 
Department flushed it into a nearby 
catch basin and immediately called 
us. Fortunately nothing happened. 
Had a similar warning been given 
the sewage plant workers at Grand 
Rapids, Mich., some years ago, when 
a large tank truck of gasoline was 
overturned, serious explosion damage 
would have been averted at the large 
screening station and the lives of two 
men would have been saved. This 
item needs no further comment. 


November 28—We were in the 
middle of a paint discussion this 
afternoon when a large refrigerator 
truck drove up. The strapping big 
boy that drove it said the boss had 
sent him down and could he unload 
a ton of spoiled cottage cheese? We 
promptly said ‘‘No’’ and the boy 
looked crestfallen—evidently he was 
not expected to return with his cargo. 
We volunteered help and called the 
garbage disposal plant. Their reply 
was also negative but they suggested 
a nearby pig farm and that was that! 
One of our men who raised pigs at 
home took 200 pounds and it dis- 
appeared almost before he could 
empty the containers. Later the 
boy’s boss thanked us sincerely. 
Reminds us of our funniest near 
tragedy. One morning a coupe bear- 
ing a young man and his wife drove 
up. They had a hogshead of night 
soil resting on the back bumper and 
tied with a light clothesline. It was 
so heavy that the rear end of the car 
sagged dangerously. They had been 
driving around in puzzled helpless- 
ness, wondering what to do. We 
took one look and decided we did not 
dare let them drive back uphill to the 
highway, for fear of the worst! After 
promising to do the unloading them- 
selves and to clean up afterward, they 
were permitted to empty the barrel 
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into an open channel back of the 
screen house. They did a good job 
and departed—a relieved and grate- 
ful couple. 


December 3—A dog has his fleas and 
a sewage plant has its hydrogen sul- 
fide. About a year ago we boasted 
just a little in this Log about the fine 
ball bearings that we had installed at 
the rebuilt sludge meter. They were 
a complete failure. 

Almost before we realized what 
had happened the felt protecting 
rings between the meter body and the 
bearings had practically ‘‘digested”’ 
away. The brass ball retainer rings 
all but disappeared; only a fragment 
was found, and all the balls were lost. 
All that remained were the ball races 
and the frame. After a thorough post 
mortem with the bearing designer, 
the verdict was “‘misapplication due 
to the corrosive effects of sewage 
and hydrogen sulfide.”’ 

The bearing frames were bored out 
and brass bushed iron cores were tap- 
screwed into the old frames. This 
made a fine salvage job with pros- 
pects of a long life, thanks to our 
helpful friend the machine shop man. 


December 12—The accompanying 
picture shows Williard, our trusted 
assistant, and one of the operators 
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as they inspect our latest gadget. It 
is a handy little tool to hook rags that 
sometimes escape the screen and are 
caught on the clarifier wiers. Dur- 
ing storm periods they can be quite 
annoying. If not caught on the weirs 
they later foul the valves of the 
sludge pumps and give more trouble. 
The blacksmith made this tool for 
us from a six-tined pitchfork, by cut- 
ting the tines to about four inches in 
length, sharpening them and _ then 
bending them over at right angles. 
The handle was shortened to about 
three feet with a hole in the end for 
a loop of sash cord to pass over the 
hand, while in use, as a safeguard 
against losing it in the clarifier. 


December 20—Received an eight- 
sheet set of plans from District En- 
gineer Walter E. Deuchler today, 
completely detailing the new building 
plans which the trustees hope to offer 
for bids next spring. We sincerely 
hope they can. 

One new room in this plan is set 
aside as a classroom for the instruc- 
tion of visiting groups. This week, 
on Tuesday, we had an eager eyed 
class of fourteen Girl Scouts and three 
mothers. Then on Thursday we had 
a group of 25 nurses from the train- 
ing class at St. Joseph’s Hospital. 





FIGURE 1.—“Rag Picker” gadget for removing accumulations from clarifier weirs. 
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We take great care with the nursing 
classes, of which we usually have four 
each year. An hour and a half is 
spent in a general review of the sani- 
tary engineering field, with special 
emphasis on water supply and sew- 
age treatment, before taking them 
through the plant. Now, a set of 
painted planks are placed on trestles 
in the laboratory for such classes. A 
set of typical Imhoff cones, together 
with framed diagrams and an easel 
for displaying lecture charts com- 
pletes the arrangements. 

Last year, due to the gasoline 
shortage, this class hiked out and we 
took them home in the plant truck. 
This was a truckload of pulchritude 
and a merry ride! 


December 23—Spent the afternoon 
looking over the plans for the largest 
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wallpaper printing plant in the U. S. 
It is to be built partly over our main 
interceptor and just across the tracks 
from our plant. The building is im- 
pressive, being 1,200 ft. long, 400 
ft. wide and five stories high. 

This brings us another interesting 
waste problem that involves 350- 
mesh clay, color and a fairly high 
B.O.D. caused by the protein and 
casein used in the process. Labora- 
tory studies made on the wastes from 
the Chicago and Joliet, Ill., plants of 
the company indicate that the clay 
does not settle readily but that it is 
sharply responsive to coagulants, and 
that the coagulated and settled liquor 
has a greatly reduced B.O.D. 

Looks like a good story or two 
ahead to share with the readers of 
this Log. 


INTERESTING EXTRACTS FROM OPERATION 
REPORTS 


ConpDUCTED BY LERoy W. Van KLEECK 


The world is interested in the 
result, not the work behind it. 


—The Sphinx 


Report on the Administration, Operation and Maintenance of the Division 
of Sewage Disposal, Department of Public Utilities, 
Cleveland, Ohio, for the Year 1943 * 


By J. W. Extums, Commissioner 


When a city spends nearly a million 
dollars yearly for the administration, 
maintenance and operation of its sew- 
age treatment and disposal facilities, 
the report on the operation of those 
facilities should be received with con- 
siderable interest by sewage plant 
superintendents and sanitary engi- 
neers. While this abstractor will at- 
tempt to review here the highlights of 


* For previous extracts see: This Journal, 
12, 625 (May, 1940); 15, 99 (Jan., 1943). 


the 1943 report of the city of Cleve- 
land, may I urge all who can possibly 
do so to visit Messrs. Wirts, Gerdel and 
Flower at their respective Easterly, 
Westerly and Southerly plants where 
the attractiveness, variety of processes 
and capabilities of the superintendents 
in charge of these plants will result in 
a most profitable day. 

Table 1 summarizes the operation 
and maintenance costs of all the sew- 
age plants and one ejector station: 
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TABLE 1.—Summary of 1943 Operating Data, Cleveland, Ohio 
Operation and Maintenance Costs—All Plants and One Ejector Station 








Fes, sy a : 
Operation Items Easterly Southerly Westerly Ejector Station} Total 





$362,184.45 


Supervision and labor . . .| $113,038.88 |$161,730.62 |$ 87,414.95 


(POTTS a ae ee 9,755.35 6,384.43 | 16,139.78 
Power and lighting. ........ 123,051.51 28,085.61 8,666.99 | $2,397.37 | 162,201.48 
Coal and fuel oil.......... 4,072.02 | 3,932.82 | 8,004.84 
Lime and ferric chloride... . .| 4.70 | 27,322.63 5,951.58 | | 33,278.91 
General supplies and expense 2,165.13 | 10,184.96 


3,349.48 | 4,669.45 | 


$110,583.08 | 


i es. ERS pee lee a 
Total operation costs $253,271.94 |$225,741.13 $2,397.37 |$591,993.52 


. 
Maintenance Items Easterly Southerly Westerly Ejector Station| Total 


$ 54,383.74 |$ 68,635.95*|$ 15,959.29 $ 498.82 |$139,477.80° 


SOREN Rone ose cicadas 
Materials...... 27,261.50 | 69,475.73*| 6,861.57 380.00 | 103,978.80 * 
Total maintenance costs.....| 81,645.24 | 138,111.68* 22,820.86 878.82 | 243,456.60 * 


Total plant costs. . .| $334,917.18 $363,852.81 |$133,403.94 | $3,276.19 | $835,450.12 








* Included in the maintenance labor and material figures were costs incurred during 1942, for 
the rebuilding of incinerators at the Southerly plant. These charges were $8,198.80 for labor, and 
$36,098.38 for materials. The 1943 costs to complete, which are also included in the above 
figures, were $10,878.56 for labor and $2,679.03 for materials. 


Following are the total adjusted costs for administration, operation and main- 


tenance: 


Easterly Westerly Southerly 


$121,284.27 


$133,403.94 


Plant costs........ 4) $580,761.91 

Administrative costs 80,856.87 26,194.07 26,862.29 
(US ; $661,348.78 $159,598.01 $148,146.56 
Cost perim.g........ $ 18.04 $ 13.38 $ 12.14 








5. The plant costs averaged 
4 per million gallons, and the ad- 
$2.20 per million 


The averaee for all costs is $15.94 093.3 
per million gallons, based upon a meas- $13.7 
ured flow of 60,782 millions of gallons ministrative 


of sewage, and a total cost of $969,- gallons. 


costs, 


Report on the Operation and Maintenance of the Easterly Sewage 
Treatment Plant 


By Joun J. Wirts, Supt. 


Comminutors 

The four 54-in. comminutors are the 
first and only comminutors built to 
handle 60 to 70 m.g.d. of raw sewage. 
They have given good service over a 
considerable period of time. They 
should now be replaced with improved 
machines. 


Detritors 
All grit is now dumped as fill in the 
lagoon at the north side of the plant. 


The possibility of using all of the fill 
for shore erosion and thereby creating 
an additional boat harbor should be 
investigated. 


Grease Flocculation 


The grease flocculation unit was not 
in service during 1948, due to the fail- 
ure of the cast aluminum plate hold- 
ers as noted in the 1942 report. A 
small amount of air, about 0.007 cubic 
feet per million gallons of sewage, was 
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fed to the raw sewage in the central 


channel leading to the _ pre-settling 
tanks. During a trial period it was 


found that this small amount of air 
aided in the separation of grease from 
the sludge, and that without this air, 
particles of sludge appeared to adhere 
to particles of grease so that the combi- 
nation floated to the surface causing 
an offensive odor. The amount of this 
material to be removed and its con- 
sistency was such that it was necessary 
to skim by hand, as the automatic 
skimming devices were unable to re- 
move the combination of sludge and 
erease. 


Pre-Settling Tanks 

Excess activated sludge was pumped 
to the pre-settling tanks during the 
week ends in January and February. 
It was then discontinued for the re- 
mainder of the year because of the re- 
eyeling of the finer activated sludge 
solids to the aeration process. 


Southerly Sludge Pumps and Force 
Main 

All of the excess sludge produced 
at the Easterly plant is pumped to the 
Southerly plant for digestion and final 
disposal. 

In November, about 5.1 miles of the 
13 mile, 12-in. cast iron force main 
were cleaned. <A typical rate test com- 
parison taken before and after this 
partial cleaning showed a slight in- 
crease in pump discharge, a corre- 
sponding rise in amperage and a drop 
in pressure as follows: 

















| 
Ti £ Tes Pump | \1.G.p | Am- Pres- 
ime oO est | Group | ™* 1D, | peres (PSI) 
Before cleaning . | North| 0.93 121 141 
After cleaning. | os 0.98 127 139 





A study of the sludge pumping prob- 
lem led to several changes in operation ; 
some of these were effected and some 
are still being contemplated as follows: 

Excess activated sludge was mixed 
in the Southerly pump sump with pri- 
mary sludge from the pre-settling 
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tanks prior to pumping to the South- 
erly plant. This insured a much more 
nearly uniform pumping mixture by 
diluting the often times extremely 
heavy primary sludge. 

Experiments with the concentration 
of excess activated sludge were con- 
ducted, and one of the Dorr final clari- 
fiers was used for this purpose with 
slight alterations. 

A pipe line cleaning machine was 
leased for use in the 12-in. cast iron 
force main. Plans were completed for 
the construction of junction chambers 
at both the Easterly and Southerly 
sites for the insertion and removal of 
the cleaning machine. 

In the concentration process, the 
pumpage of concentrated activated 
sludge was substituted for the pump- 
age of the excess activated sludge. <A 
comparison of sludge pumpages during 
the month of December in 1942 and 
1943 shows the effect of the concentra- 
tion process on the volume of sludge 
pumped: 

















| Daily | ee : 
~ | Ave. Total Total 
| a Dry Lbs. Raw 
| Slude Solids Dry Sewage 
| Pumnod | (Per Solids Flow 
| (MG) Cent) Pumped (M.G.) 

| 

Dec., 1942] 0.96 | 1.7 | 4,972,000 | 3,163.9 
Dec., 1943} 0.64 | 3.0 | 4,230,000 | 2,659.6 








Aeration Tanks 

A contract with the Wailes Dove- 
Hermiston Corp. was entered into for 
coating the cast aluminum plate hold- 
ers in the aeration tanks with Bitu- 
mastie No. 70. At the close of the year, 
coated plate holders had been installed 
in aeration tanks Nos. 4 and 5 and the 
plate holders in Nos. 9, 18 and 16 were 
being prepared for coating. 
Chlorination 

Chlorine was used in three stages of 
treatment during 1943. Post-chlori- 
nation to protect the bathing beaches 
was practiced for a total of 103 days 
from June 3 through Sept. 13. At an 
average dosage rate of 4.4 p.p.m., 360,- 
104 pounds of chlorine were fed to the 
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effluent before entering Lake Erie. 
After a contact period of five minutes, 
an average residual chlorine content 
of 0.5 p.p.m. was maintained. 

For a period of 33 days in August 
and September, 59,540 pounds of 

chlorine were used for prechlorination 

at an average rate of 2.4 p.p.m. Pre- 
chlorination was practiced in an effort 
to separate the particles of sludge ad- 
heringe to floated during the 
period when the feeding of air in the 
central sewage channel leading to the 
presettling tanks was shut off. This 
matter was previously mentioned in 
the paragraph on ‘‘Grease Floccula- 
tion.’? The feeding of chlorine with- 
out air did not remedy the situation 
appreciably ; but when air was fed in 
conjunction with chlorine a marked 
improvement was noted. 

For a period of 21 days in late Sep- 
tember and early October, chlorina- 
tion of the return sludge was practiced 
in one battery as a test to determine 
the effect of chlorine on controlling the 
sludge index of return activated sludge. 
A brief summary of this test follows: 


erease 





Sludge Index 


Chlo- 
rinated 
Batteries 





Unchlo- 
| rinated 
Batteries 


One day before chlorina- | 
as See eee ee | 91 | 100 





Ave. during chlorination..| 102 | 89 
Ten days after chlorina- | 
ieee css ce oes a |} 1238 | 80 





The average dosage of chlorine was 
at the rate of 8.0 p.p.m. based on the 
metered volume of return sludge. 


Boilers 

The use of one boiler for an entire 
heating season has been made possible 
by treating the boiler feed water with 
sodium hexametaphosphate. An _ in- 
spection of the boiler tubes in the sum- 
mer of 1943 showed that considerably 
less scale had formed and this was 
easily removed. This is the first time 
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that one boiler has been used for the 
entire heating season. 


Industrial Wastes 


Industrial wastes have continued to 
be received and the detriment to plant 


processes and equipment continues. 
With the heavier loading caused by 
increased flow of raw sewage, the 


treatment of industrial wastes be- 
comes more difficult and their effects 
become more pronounced. 

Table 2 is a summary 
operating data: 


of the 1943 


TABLE 2.—Summary of 1943 Operating 
Data, Easterly Plant, Cleveland, Ohio 


Item Average 
pewage HOW, 1.0.0... 2... 0.626. 101.2 
Settled sewage flow aes complete 
treatment, m.g.d. . 91.3 
Mixed liquor flow, m.g. d.. -.+0 08A 
Return sludge flow, m.g.d. . pele eects 19.1 
Per cent return sludge.............. 20.9 
Air applied, cu. ft. per gal........... GI 
Grit; cus it, perme... oc... 5s eek 3.91 
Screenings, cu. ft. perm.g.... . 0.47 
Analytical data: 
Suspended solids: 
Raw, p.p.m. 239.0 
Se sttled, p.p.m. 165.0 
Per cent removal by settling .. 31.0 
Final effluent, p.p.m... . Vaso 12.0 
Per cent removal............ 95.0 
Total iron: 
PAW MOTI GS 35 bees sos ode wes 6 14.1 
ended DMN ios cc shee 12.0 
Per cent removal............ 14.9 
Final effluent, p.p.m........... 0.9 
Per cent removal............ 93.6 
pH: 
BRELMY nectar ecic ars Obie Sh isis op bis ke 7.0 
cL! USE eee eee 7.2 
2 bi | 7.5 
5-Day B.O.D.: 
OA, Oy 0 ae 148.0 
SCUUICR DOM ow co ccs Sal sss ww 106.0 
Per cent removal............ 28.4 


Final effluent, p,p.m........... 13.4 


Per cent removal............ 90.9 
Dissolved oxygen, p.p.m.: 
Pre-settled sewage............. 
Aerator influent (mixed liquor).. 1.5 
Aerator effluent (mixed liquor). . 3.8 
Activated sludge: 
SOtel SONGS, PHM... 266. e cs 11,600.0 
Volatile solids, per cent . ‘ 61.4 
Suspended solids, p.p.m. .11,130.0 


Mixed liquor, suspended solids, 


NINE = cl iee ene sce Mieeee wae 2,240.0 
Sludge index... ....<...000+ a eee 74.0 
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Report of the Operation and Maintenance of the Westerly Sewage 
Treatment Plant 


By WatvrTer E. GERDEL, Supt. 


Grif 

Continued difficulty was experienced 
with some grit passing through the grit 
chambers and settling out in the Im- 
hoff tanks, causing stoppages in the 
sludge withdrawal piping serving the 
sludge hoppers. In an effort to over- 
come this difficulty, the maximum per- 
missible rate of flow in the individual 
erit chambers was changed on August 
30 from 20 m.g. to 18 mg. During 
1942, the maximum rate of flow in the 
erit chambers had been changed from 
25 m.g. to 20 m.g. 


Imhoff Tanks 


The Imhoff tanks were again oper- 
ated as primary settling tanks, with 
the digestion of sludge being aeccom- 
plished as much as possible in the sepa- 
rate digestion tanks. The raw sludge 
settled out in the Imhoff tanks aver- 
aged 68.0 per cent volatile, while the 
sludge removed averaged 60.6 per cent 
volatile, indicating that considerable 
digestion did take place in the Imhoff 
tanks, despite efforts to remove the 
sludge as fresh as possible. The raw 
sludge removed, averaged 6.86 per cent 
total solids. 

Gas vent foaming nuisance caused 
considerable trouble the early part of 
the summer and the tank surfaces 
were very difficult to keep clean. 

The practice of pumping down the 
Imhoff tanks and cleaning out the 
flowing-through compartments was 
again followed during the greater por- 
tion of the year. The end tanks espe- 
cially are very prone to block up at 
the slots connecting the flowing 
through chambers to the sludge cham- 
bers. 

It is believed that considerable 
quantities of grit must be in the sludge 


hoppers of the Imhoff tanks and _re- 
main there as an inert material which 
interferes with and delays the with- 
drawal of raw sludge until it becomes 
partially digested. The delayed re- 
moval of the raw sludge also tends to 
allow gas borne particles to rise into 
the gas vents causing difficulties with 
eas vent foaming. In an effort to de- 
termine the quantity of grit present 
in the sludge hoppers, No. 4 Imhoff 
tank was pumped down and cleaned 
out completely, using a sand water in- 
jector. The work took about a month 
and was finished November 5. A large 
quantity of grit was found in the 
sludge hoppers, the worst hoppers be- 
ing those that serve the inlet side of 
the tank. There was also removed a 
considerable quantity of broken con- 
crete and other material which had got- 
ten into the tank in the course of re- 
pairs and alterations. The _ sludge 
hopper water spray piping was found 
in fairly good shape and was replaced 
where The spray holes 
were redrilled where they were found 
to be blocked up. The tank was put 
back into operation and for the re- 
mainder of the year all of the sludge 
hoppers of the tank were drawn from 
each day. This method of operating 
the tank was continued throughout 
1944 in an effort to observe the opera- 
tion of the tank in comparison to the 
others. At this time it is felt that all 
of the remaining Imhoff tanks should 
be cleaned out completely in a similar 
manner. The lack of personnel, how- 
ever, prevents this program from be- 
ing started at the present time. 


necessary. 


Sewage Chlorination 


Prechlorination was practiced for 
109.4 days, while post-chlorination 
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teok place 83.0 days during the sum- 
mer. Prechlorination dosages aver- 
aged 7.10 p.p.m., while post-chlorina- 
tion dosages averaged 4.89 p.p.m. It 
was possible to maintain residual chlo- 
rine in the sewage effluent 73 per cent 
of the time. The starch-iodine method 
for determining residual chlorine was 
again used, and control tests were run 
every two hours when operators were 
on duty. 

The liquid chlorine evaporator cy- 
linder failed on August 9, discharging 
chlorine the chlorinator 
Upon inspection it was found that the 


into room. 
lower inside portion of the evaporator 
svlinder was severely corroded and 
had decreased the wall thickness until 
failure resulted. 


Separate Sludge Digestion 


All of the digesters were again oper- 
ated as primary digestion tanks and 
practically all of the resulting digested 
sludge was pumped to the sludge stor- 
age tank for storage and concentration. 

Two of the digesters were pumped 
down and cleaned out in the fall due 
to excessively thick layers of scum that 
had accumulated and which interfered 
with normal withdrawals of superna- 
tant. In both digesters the heating 
coils were also found badly caked up 
with sludge scale which prevented nor- 
mal heat transfer to the sludge. <A 2- 
inch water line terminating in a spray 
nozzle ejecting into the outlet sludge 
piping was installed in one of the tanks 
to facilitate future cleaning out opera- 
tions on this tank. 


Sludge Vacuum Filtration 


The 30-in. width elevator conveyor 
belt was replaced April 15 by a syn- 
thetic oil and grease resistant belt. 
The old belt had given 4 years and 
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74% months of service, and contained 
8 splices with 3 more splices immedi- 
ately necessary if it had been contin- 
ued in The original 48-in. 
width horizontal convevor belt con- 
tinued in service the remainder of the 


service. 


year. 

Several lime slides occurred from the 
lime storage bins where the lime had 
hung up and bridged over. An elec- 
tric vibrator was installed to overcome 
this difficulty. 


Filter Cake Incineration 


Some fuel oil was used during the 
year, with most of it being consumed 
during the winter months when the 
plant gas supply was not adequate for 
all needs. 

No. 2 incinerator was put into serv- 
ice November 1, 1942, 
taken out of service until October 16, 
1943, a of 11% 
months, which is the longest continuous 


and was not 


continuous period 
period an incinerator was ever oper- 
ated at the Westerly plant. Mainte- 
the and 
auxiliary equipment was about normal. 

Considerable difficulty was had with 
ash dust escaping from the bottom seal 
of No. 1 ineinerator into the building. 
This condition was helped somewhat 
by emptying the seal of sand and al- 


nanee work on incinerators 


lowing air to enter at this point and 
keep the ash from escaping. 


Miscellaneous Improvements 


A portable ventilating blower fan 
unit having a capacity of 5,000 e.f.m. 
was constructed from available equip- 


ment. This equipment was designed 


principally to ventilate the digesters 
when they are being pumped down and 
cleaned out. 

Table 3 summarizes the operating 
data at this plant for the year 1943; 
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TABLE 3.—Summary of 1943 Operating Data, Westerly Plant, Cleveland, Ohio 


Item Average 
Sewage flow, m.g.d............ 32.7 
Overflow and by-pass operated, 
irs perMonun. . ...4...5..0.- 30.0 
Grit, cu. ft. per month......... 3,584.0 
O)) pp en 02 Nc. ee eee 3.61 
Volatile matter, per cent... .. 20.5 
Analytical data: 
' Suspended solids: 
Raw, p.p.m. Bea aati 256.0 
Imhoff tank efflue nt, p.p.m. 150.0 
Per cent reduction. ..... 41.6 
5-Day B.O.D.: 
Raw, p.p.m. = seat 244.0 
Imhoff tank e .fflue nt, p.p.m. 187.0 
Per cent reduction . . 23.3 
Total iron: 
[A ck re 8.0 
Imhoff tank effluent, p.p.m. 6.0 
Per cent reduction ; 25.0 
Pre-chlorine dosage (June 
Sept:), Pps < «2 002s. wal 
Post-chlorine dosage (June 
Dept.); Pips. 6c6 ess 1.89 


ie irate sludge digestion da ata: 
Gals. sludge added during 


‘ WENT NS aera Re Cie 20,102,500. 
Lbs. dry solids added during 
RR eraree nore toupee eter vee 11,729,700. 
Lbs. volatile solids added dur- 
ing year..... Siete AA OOO: 
Gals. digeste d sludge pas 
RNs So abt rah asses prin se 582,100. 
Lbs. dry digeste d Pan een 
4 TENE EER 8,293,700. 


Lbs. volatile solids drawn, year 3,907,900. 
Per cent digestion loss, total 


dry solids, yr. Peal eneua ts 24.49 
Per cent digestion loss, volatile 
BONUN WT ters yrs cassia 41.44 
Cu. ft. gas: 
Per pound total solids added 5.03 
Per pound volatile solids 
7c Lie): UE ange eg eae eer 8.29 
Per pound total solids de- 
RIPOVEC eke carat ee. 20.53 
Per pound volatile solids de- 
BOPOVOO Rah eG ae ean 20.0 





Item 


Circulating water for digesters, 
a) AE 


110 [i eee Soe Renee ence eee 

Gas utilization, per cent of 
total: 

To digester heaters.......... 

For building heat and misc.. . . 

For incinerators (sludge) . ... . 


Digested sludge for vacuum fil- 
tration: 

Total gallons, year........... 
Total solids, per cent........ 
Volatile solids, per cent...... 
Total dry solids, lbs., year. . . 
Pobre tersise ex deigs cxaieNs ‘oka th 
Alkalinity as CaC Oz, p.p.m. 
Ferric chloride dose, per ce nt. aF 
Lime dose, per cent....... 
Calcium oxide dose, per cent 

Sludge filtration: 
HEter NOUPS) VEAP o., 65.5.5. i> + 
Filter cake, tons, year....... 
Filter cake moisture, per cent . 
Filter cake volatile solids, per 


GO ELO eng, ror ctand cpl ouacatanenn 
Filter cake dry solids, tons, 
VORE tens Siac tae cuss otnere a.ct 
Lbs. dry solids, per sq. ft. per 
PO ae Aor toncen eee a 


Filter cloth life, hours. ...... 
Filtrate, total solids, p.p.m. 
Filtrate, suspended solids, 
Oa Ee eee ear 
Filtrate, alkalinity, p.p.m..... 
Sludge cake incineration: 
Total tons incinerated, year... 
Dry solids incinerated, year... 
Tons cake per incinerator hour 
Fuel oil per ton cake incin- 
CEACCC Rs x brie iso sealeteryaye& 
Fuel oil per ton dry solids in- 
cinerated. . ae 
Gas per ton c cake incine rate d, 
“cL ott | tetera a eA Serer oe 
Gas per ton dry solids incin- 
CTAtEd CU ibe. 5. cians ss 


Average 


142.0 
119.0 


20.3 
16.9 
15.4 
47.4 


8,217,300. 
7.66 
46.7 
5,410,400. 
7.4 
2,960.0 
2.68 
14.7 
13.1 


11,733.0 
10,092.0 
68.1 
38.0 
3,219.0 
3.32 
272.0 
3,991.0 


300.0 
2,530.0 


8,006.0 

2,557.0 
1.57 
0.48 
1.51 

360.0 


1,129.0 


Operation and Maintenance of the Southerly Sewage Treatment Plant 


By G. E. Frower, Supt. 


Sewage Flows 


A total metered flow of 12,204.1 m.g. 
of raw sewage was treated during the 
year of 1943. This volume included 
70.6 million gallons of concentration 





tank supernatant. The average daily 
flow for the year was 33.4 m.g. The 
raw sewage overflowed 27 per cent of 
the time during the entire year, 42 per 
cent of the time before August 21, and 
6 per cent of the time after that date. 
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Imhoff Tanks 


The tanks were all foaming inter- 
mittently up to August 1, and from 
then on they functioned normally. 
The suspended solids were reduced 43 
per cent and the B.O.D. 50 per cent. 


Abbreviated Aeration Unit 


This unit treated 2,954.2 m.g. of 
Imhoff tank effluent, in addition to 
153.7 m.g. of digester supernatant 


liquor, up to September 1. For the 
balance of the year, the aeration unit 
treated 1,700.7 m.g. of Imhoff tank ef- 
fluent without any digester superna- 
tant liquor. 

A total of 24,573,300 Ib. of dry sol- 
ids was removed by the aeration unit, 
of which 12,507,200 lb. were pumped 
to the lagoon, and 12,066,100 Ib. to the 
concentration tanks. There was no 
sludge pumped from the aeration unit 
to the lagoon after August 31. 

The suspended solids were reduced 
93.1 per cent and the B.O.D. 89.6 per 
cent by this unit. 

There were 856 cu. yd. of gritty ma- 
terial removed from the two aeration 
tanks during September and October. 
This material analyzed 23.8 per cent 
volatile matter, with 22 per cent pass- 
ing a 50-mesh sereen. 


Trickling and Magnetite Filters 


The trickling filters treated a com- 
bined flow of Dorr clarifier effluent and 
Imhoff tank effluent from January 1 
to August 1 and from December 15 to 
December 21. The balance of the time 
—from August 1 to December 15— 
they treated Imhoff tank effluent only. 
The Dorr tank effluent flowed directly 
to the magnetite filters, by-passing the 
trickling filters, during the period from 
August 1 to December 15. The trick- 
ling filters treated 3,323.8 m.g. of Im- 
hoff and Dorr tank effluents and the 
magnetite filters treated 5,623.6 m.g. 
of trickling filter and Dorr tank 
effluents. It was decided to discon- 
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tinue the operation of the magnetite 
filters because of the high maintenance 
costs. The work of bricking up the 
influent conduit openings to the mag- 
netite filters was started on December 
16 and completed December 28. 


Sludge Drying Beds 


The drying beds dewatered 2,907,- 
800 gal. of Imhoff tank sludge, con- 
taining 2,133,000 lb. of dry solids. 
which was 24.6 per cent of all the 
sludge removed from the Imhoff tanks. 
The moisture content of the sludge 
pumped to the drying beds was 91.4 
per cent, and was reduced by the sand 
beds to 64 per cent. 

Sludge was applied to the beds 85 
times, or an average of 10.6 times per 
bed per year. It was necessary to 
add 314.5 eu. yd. of sand or washed 
erit, equivalent to 3.2 in. per bed, in 
order to replace the sand lost in re- 
moving the dried sludge. 


Separate Sludge Digestion Tanks 


All the digesters were operated as 
primary digestion tanks up to April 
23, when two of them were used as 
secondary tanks. 

The digester supernatant liquor 
averaged 11,945 p.p.m. of total solids 
and 6,672 p.p.m. of volatile solids. The 
digester supernatant liquor was 
pumped to the influent of the aeration 
tanks up to September 1, after which 
date it was discharged directly into 
the main plant outfall which empties 
into the river. 

There were 241,521,100 cu. ft. of gas 
produced, figured for standard condi- 
tions, or 5.61 eu. ft. per lb. of volatile 
solids added, compared with 7.37 cu. 
ft. per lb. of volatile solids added in 
1942. 


Sludge Vacuum Filtration 


During the year, 47,466,900 gal. of 
digester and Imhoff tank sludges, con- 
taining 12,622.1 tons of dry solids, 
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were conditioned and partially de- 
watered. This process required 601 
tons of anhydrous ferrie chloride and 
1,845 tons of lime, as received, or 
1,598 tons of calcium oxide for condi- 
tioning the sludge. The dose of chem- 
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icals on the basis of dry solids averaged 
4.8 per cent for ferric chloride, 14.6 per 
cent for lime or 12.7 per cent of eal- 
cium oxide. 

Table 4 summarizes the operating 
data for this plant for the year 1943: 


TABLE 4.—Summary of 1943 Operating Data Southerly Plant, Cleveland, Ohio 


Item Average 
Pewade OW, MW Gis.s 6... case es 33.4 
Screenings, cu. yds. per m.g........ 0.022 
Grit, cu. yds. total from grit cham- 
RISE Asn ols aioe instance ose 786.0 
From Imhoff tanks, cu. yds. ...... 5.0 
From aeration tanks, cu. yds...... 856.0 
POUR OU WAR e sass <p .cs bois Sass 1,647.0 
Imhoff tank sludge, gals. x 1,000, 

oT ne ee ae OPE ter 11,834.7 
Sludge from drying beds, cu. yds. 

RENTON ecekarch thie be aes es KE 4,431.7 
Aeration data: 

Settled sewage treated, m.g. per 
(S25 0b SIRs ae bl ea a Mr ar 400.7 
Air cis Tipper Palins ok cise: 0.45 
Return sludge, per cent......... Pea 
Sewage flow to trickling filters, m.g. 

"(2 0) © | (ee eee 277.0 
Sewage flow to magnetite filters, m.g. 

OCHO UCAS <o5-. 6 sc. eo 4 ees pes 468.6 
Analytical data: 

Suspended solids, p.p.m.: 

LCE Se a ra er ae eter 212.0 

ImMHOM GMBUENG. <. ceses o cs 120.0 

Aeration tank influent........ 582.0 

Dorr tank effluent............ 40.0 

Trickling filter efluent........ 57.0 

Magnetite filter efluent....... 24.0 
5-Day B.O.D., p.p.m.: 

i Le ee ee ecco” PESO 

mom ehent. 24,456.66 66 eee 82.0 

Aeration tank influent........ 241.0 

Dorr tank effluent............ 25.0 

Trickling filter effluent ........ 26.0 

Magnetite filter effluent ...... 20.0 

River above plant............ 9.0 

River below plant............ 23.0 
Dissolved oxygen, p.p.m.: 

12 A eg a 4.7 

imnOm CMUCONE sci 6 os Goes 1.8 

Dorr tank effluent............ 3.0 

Trickling filter efluent........ ye 

Magnetite filter efuent....... 6.1 

River above plant ............ 9.4 

River below plant............ (iss 
pH: 

| a Reo a aS 6.7 


cig G | re 6.8 


| 
| 





Item Average 
Aeration tank influent........ 6.9 
Dorr tank effluent............ Gl 
Trickling filter efluent........ @1 
Magnetite filter effluent ....... 1 
Suspended solids, mixed liquor, 
VEE) 2611 eae a ne aL 2,720.0 
Digested Imhoff tank sludge: 
Total solids, per cent.......... 8.6 
Volatile solids, per cent........ 47.1 
[0 5 Lae ee erar Ree eee ae errearact 6.7 


Alkalinity, p.p.m. , 1,570.0 
Drying beds, sludge ec ake, wnnibet. % 64.0 
Fresh solids: 


Dn er rie eee ane mes 5.9 

Volatile solids, per cent....... 58.4 
Grit, volatile solids, per cent...... 28.7 
Vacuum filtrate: 

Total SOUGEDsDaNes sce 5 6.682 5,266.0 

Suspended solids, p.p.m....... 240.0 

PRB ericaye rs arsnisvse tee sornie: lecvre teas 11.9 

Alkalinity pope. « os. ts/sc<a50 ne 2,010.0 


Digester supernatant: 


Total solids, p.p.m......... ..11,915.0 
Alkalmity, pip... < so 0c~ 1,530.0 
DEI pect iy Moni sions 6.8 
Digester sludge: 
Solids, per cent. RAN ectete tied 6.4 
Volatile solids, per ce nt. Wen 51.3 
Alkalinity, p.p.m. voeee £9100 
13 (daa eg a anne Ale eect een 6.9 
Circulating water for digesters, ° F.: 
Pee Sen ise cite ew ssa 126.0 
RT he eect es eicsclegepie cus ws creuatarete 113.0 
Sludge gas utilization, per cent total: 
WW NOC 2: erete certs tai iavele 37.7 
To digester heaters............. 23.7 
For sludge incineration.......... 9.4 
For gas engines... .. pa vasels 17.6 
For building heat and n WNIBO 2 a0's. 3.2 11.5 
Sludge filtration: 
Filter cake produced, tons total . . .62,346.0 
Filter cake dry solids, tons total. . .18,231.0 
Ferric chloride, per cent......... 4.8 
EAE DER BORG 5.655. 5.55)506.a05 519-4059 14.6 
Calcium oxide, per cent......... 12.7 
Filter cake moisture, per cent... . 70.7 
Filter rate, lbs. per sq. ft. per hr. .. 3.6 
CVGUHN Ge DNR 625 cic ees cote 5. 239.0 
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TIPS AND QUIPS 


Data from Denver, where the Rocky 
Mountain Sewage Works Association 
met for its Twelfth Annual Meeting on 
September 20, 1945 a very favor- 
able registration of about 75 and 
not a 10-gallon hat or pair of spurs in 
the crowd! . stream sanitation in 
its highest sense as a water conserva- 
tion measure, in a region in which 
water is a scarce resource—not to be 
wasted . . . a report by retiring State 
Sanitary Engineer B. V. Howe (who 
announced at this meeting that he was 
leaving the employ of the State to en- 
gage in private practice as a consult- 
ing engineer) that about 70 Colorado 
municipalities had been ordered to 
build new sewage treatment plants or 
improve existing ones... the quip 
by President-elect John T. Franks, 
while presiding over the forum on 
postwar problems—‘‘Is there any other 
pessimist who cares to say anything ?’’ 

. which just about completely sum- 
marizes the present situation on labor, 
construction and equipment a de- 
tailed visit to both of Denver’s modern 
sewage treatment plants, where Supt. 
C. P. Gunson is a man of ideas with 
the energy and courage to apply them 

and saw how fresh sludge return 
to the raw sewage flocculation tanks 
effects remarkable removals of B.O.D. 
and solids in primary sedimentation 
units... in addition to an unique 
arrangement for heating a digester 
and recirculating sludge therein by 
means of a steam injector true 
western hospitality typified by the 
many personal courtesies of Dana 
Kepner, Carroll Coberly, Chas. A. 
Davis, et al. . climaxed by the res- 
olution adopted by the Association in- 
viting the Federation to hold its an- 
nual convention at Denver in 1947! 





Improved supernatant can be se- 
eured at over-active sludge digestion 


tanks by raising the temperature 3 or 
4 degrees above the normal v: 'ue, then 
eutting off all heat and allowing the 
unit to settle for a few days, during 
which time stratification will oceur. 
This tip originates with Glen Cary and 
Fred Knollman of the plant at Fort 
Logan, Colorado. 


The opportunity to greet those re- 
turning to civilian pursuits after their 
periods of military brings 
added enjoyment to the attendance of 
technical meetings these days. The 
list of those who are resuming the 
wearing of a vest as part of their ap- 
parel is increasing so rapidly at pres- 
ent that any attempt to give names is 
out of the question. Each day brines 
more good news, as we hear of those 
who are en route to home and jobs 
after having contributed so maenifi- 
cently to the Great Victory. 

There will undoubtedly be consider- 
able readjustment and changing of 
employment in the next few months, 
although most of our military people 
appear to be returning to their prewar 
places. Stabilization will come in due 
course, and when it does, the huge task 
of overcoming the wartime moratorium 
on stream pollution abatement will ac- 
pace. 


service 


celerate in 
e & e 


Another group of war workers that 
is deserving of the everlasting grati- 
tude of the armed services, the public 
and the sanitary engineering profes- 
sion is that little band of civilian tech- 
nicians who rendered such sterling 
service in the R. and U. Division of 
the office of the Chief of Engineers. 
The return of E. F. Eldridge of 
Michigan, L. H. Kessler of Wisconsin 
and others to their peacetime pursuits 
gives reminder of the tangible accom- 
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plishments of this group of men. 
Much will yet be heard of their work 
as certain reports, studies and accumu- 
lations of data are released for publica- 
tion, and there can be assurance that 
this material will be intensely interest- 
ing and of great permanent benefit to 
the profession. 

Prof. E. F. Eldridge, who took leave 
from Michigan State College to serve 
for eighteen months in the R. and U. 
office of the Ninth Service Command, 
eives an interesting cross section of the 
work done in these offices in a recent 
letter. Extracts follow: 


“We have all kinds of country out here, 
from northern states of Washington and 
Montana to the deserts of Arizona and 
southern California. We also encounter 
all types and kinds of water supply, from 
Washington’s soft waters to Arizona’s 
hard Colorado River water. 

“Our Sanitary Engineering Section is 
charged with the supervision of water 
supply and sewage treatment and disposal 
at all Army installations in these eight 
western states. This is a sizeable job. The 
quantity of water delivered for consump- 
tion during the past quarters (3 months 
period) was between 5 and 6 billion gal- 
lons. On an average, the quantity of sew- 
age disposed of from these installations 
averages about 60 per cent of the water 
supplied. The percentage is low because 
of the irrigation requirements. 

“A considerable portion of the supply 
is from government owned sources, al- 
though some is purchased from municipal 
and private sources. Much is from run-off 
of mountainous areas and is accumulated 
and held in large reservoirs often high in 
the mountains and many miles from the 
post. A few of the supplies, especially in 
the north, are from streams. Streams are 
dry in the south for much of the year. 
In some eases, water is delivered to the 
distribution system by gravity without the 
need for pumping. Fort Douglas supply 
is an example of this condition, water being 
impounded above the post. 

“Many supplies are from wells. I was 
surprised to find Arizona posts with ground 
water supplies. All of the water is, of 
course, chlorinated to the Army standard 
of 0.4 p.p.m. after 30 minutes. 
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“We have only 8 filtration plants in the 
Command, two of which practice complete 
softening using lime-soda. Perhaps the 
most interesting problem has been scale 
and corrosion control. We have about 45 
installations at which either sodium meta- 
phosphate or sodium silicate is being 
added on a postwide basis. Two p.p.m. 
metaphosphate is usually sufficient to ef- 
fectively control scale formation in hot 
water systems. About 0.5 p.p.m. at the 
hot water installations (heater or storage 
tanks) is necessary. Because of long stor- 
age in lines and reservoirs, the amount 
added must be regulated by a phosphate 
test at various points on the water system. 

“Corrosion control is much more diffi- 
cult. Sodium silicate has been effective in 
the soft water of the northwest, but is not 
effective in the harder waters of other 
areas. Ten parts of sodium metaphos- 
phate has given partial control in the lat- 
ter cases. 

“There are about 90 sewage treatment 
plants under our. supervision. These 
range from septic tank and drainage fields 
to complete biofiltration plants. There are 
no activated sludge plants or Hayes proc- 
ess plants in the Command. In a great 
many posts, the sewage is completely dis- 
posed of on the reservation, since state 
laws will not allow discharge to water 
courses. Oxidation and percolation beds 
are used following secondary treatment to 
dispose of the water. Chlorination is 
necessary if the effluent goes to irrigation 
channels. 

“You can believe that this has all been an 
experience well worth any personal incon- 
venience I have experienced. Some of our 
trips have been rather rugged, but I have 
enjoyed them.” 


Jotted at Jefferson City, while the 
Missouri Water and Sewerage Confer- 
ence met in its 21st Annual Meeting on 
October 22-23, 1945 . . . the final reg- 
istration of 147 considered most sat- 
isfactory ... the enlightening im- 
promptu comparison of _ sanitary 
engineering practices in the U. S. with 
those he observed in Germany, by Maj. 
Warwick Doll... pleasure in pre- 
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senting Geo. S. Russell, staunch sup- 
porter of the Conference for many 
years, with the Federation’s Kenneth 
Allen Award ...the impassioned 
plea by Secretary W. A. Kramer for 
members of the Conference to exert 
themselves to the end that the organi- 
zation may expand its scope of influ- 
ence to municipalities not now repre- 
sented ... adoption of a voluntary 
certification program for sewage works 
operators ... and the approval of a 
plan whereby the Conference becomes 
a joint sponsor of correspondence 
courses to be given for water and sew- 
age works operators by the U. of Mis- 
souri, credit for these courses to be ap- 
plied to advancement in certification 


erade : which, we believe, inagu- 
rates something new in _ operator’s 
training activity . and back to 


headquarters, with the firm conviction 
that the development of sewage and 
industrial waste treatment in Missouri 
is in good hands! 


Plenty of money floating around 
Denver these days! 

During one week recently, exactly 
$50 in 10- and 20-dollar bills was sal- 
vaged from the screenings at the main 
sewage treatment plant. Although at- 
tendanee to the mechanical 
here is not the most pleasant job imag- 
inable, Supt. Gunson reports that he 
always has plenty of volunteers for the 


screens 


assignment ! 
co es é 


F. M. Veatch, Jr., well-known con- 
sulting engineer and a man who likes 
to reconcile his facts, has been dis- 
turbed ever since the 1944 convention 
of the Federation at Pittsburgh, where 
W. M. (Bill) Piatt was honored with 
a birthday cake on what Mr. Piatt mod- 
estly announced as his 51st birthday. 
Upon checking his data, as does every 
good consulting engineer, Mr. Veatch 
finds that the records of the Quarter 
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Century Operators Club show that Bill 
began his service as an operator at the 
Winston-Salem, N. C., sewage treat- 
ment plant in 1903, when he would 
have been just ten years old! 


Just in case some of those whose 
primary interest lies in trickling filters 
may feel somewhat slighted by the 
November Journal, which was almost 
entirely devoted to the activated sludge 
process, we are pleased to report that 
some good trickling filter papers are 
on the way. A ‘‘summary of experi- 
ence’’ on trickling filter operation is 
in preparation by D. E. Dreier and 
has been tentatively scheduled for the 
May issue. Moreover, not one but two 
authoritative papers on the use of 
DDT in filter fly control are in the 
process of clearing Army channels en 
route to us! 


’ 


“‘Bargain Day,’’ for municipal de- 
partments engaged in sewage and 
water works, sanitation and other pub 
lic health activities, should be at hand 
as this issue of the Journal achieves 
distribution. At this writing, late in 
1945, spadework is under way toward 
the distribution of surplus war prop- 
erty to municipalities that can demon- 
strate a public health need for the 
available items—at extremely favor- 
able prices. The Federation, together 
with A.W.W.A. and A.P.H.A., is be- 
ing given a voice in the early develop- 
ment of the program through a joint 
advisory committee serving the Sur- 
plus Property Board, the Federal Se- 
curity Agency and the U.S.P.HLS., the 
three agencies involved in the distribu- 
tion of goods to be used for public 
health purposes. 

Wherever and whenever possible, 
the Federation will assist in the fur- 
therance of this worthwhile service. 
It is expected that the field offices and 
personnel of the U.S.P.H.S. will proe- 
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ess and clear applications for pur- 
chases, under the general direction of 
Engineers Carl E. Schwob and V. G. 
MacKenzie in Washington. Further 
detailed and speecifie information will 
be broadeast as it is made available. 


On the heels of the bulletin contain- 
ing the papers presented at the First 
Industrial Waste Conference held at 
Purdue University in November, 1944, 
eomes a notice from Prof. Don E. 
Bloodgood advising that the second 
conference has been scheduled tenta- 
tively for January 10-11, 1946. The 
program of the first conference, inci- 
dentally, was the finest symposium on 
industrial waste problems as yet ar- 
ranged, and the published Proceedings 
is indeed a significant reference vol- 
ume. The program of the 1946 con- 
ference was not available at this writ- 
Inge. 
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Prof. Bloodgood and Purdue Univer- 
sity are rendering a valuable service 
by their sponsorship of this activity. 


‘‘Glamorized’’ bond issue cam- 
paigns, even where they are part of a 
sewage works project, have the best 
chances for success. In addressing the 
Missouri Water and Sewerage Confer- 
ence recently, R. M. MeDonnell, promi- 
nent consulting engineer, related the 
story of the bond issue that financed 
the sewer system at Glendale, Calif., 
some years ago, on which oceasion a 
2-mile parade of unusual outhouses was 
staged. This truly ‘‘carried the prob- 
lem to the voters’’ and the referendum 
was successful by a 10 to 1 majority! 

Mr. McDonnell did not refer to par- 
ticipation in the parade by any bevy 
of comely cinema starlets, such as is 
usually prominent in California public 
relations activities! 








Editorials 


THE MODERNIZED FORMAT 


By the time this page is reached, 
readers and users of the Journal will 
have formed their first opinions in re- 
gard to the new two-column format. 
Some of these impressions may be un- 
favorable to the departure from the 
old arrangement, because there is a 
natural aversion to changes in thines 
to which we have become accustomed 
and in which we may find satisfaction 
as they are. But there has been prog- 
ress in the arts of typography and 
printing composition, just as there has 
been advancement in the science of sew- 
age treatment. The two-column page 
initiated in the text section of this is- 
sue represents an important step ahead 
and is not founded on a mere whim or 
a desire to try something different. 
As a matter of fact, the writer con- 
fesses to an entrenched personal satis- 
faction with the former full measure 
page and to some reluctance toward 
the adoption of this modification, vet 
he is firmly convinced that the advan- 
tages of the two-column page are mani- 
fold and compelling. 

As early as 1904, psychologists in- 
vestigated printed line arrangement 
and length with respect to motor habits 
and eye movements in reading. In 
his book ‘‘Investigations in the Hy- 
giene of Reading,’’ Blackhurst refers 
to the research of Dr. W. F. Dearborn, 
who concluded as follows: ‘‘These (de- 
sirable) motor habits are most easily 
acquired in the shorter lines and aid 
materially the rapidity of reading. 
Length of text lines is mainly impor- 
tant in its effect upon the formation 
of motor habits. The rate of reading 
depends upon the ease with which a 
regular rythmical movement is estab- 
lished. Lines should be from 75 to 85 
mm. in length.’’ In 1911, a committee 
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of the American School Hygiene Assn. 
included the following in its reecom- 
mendations covering the format of 
textbooks: ‘‘The eye moves by a suc- 
cession of movements and stops and 
makes a long backward sweep to the 
beginning of the next line. Fatigue 
is markedly increased by the difficulty 
of the backward movements and in lo- 
cating the beginning of the next line, 
if the line is too long. The maximum 
of safety is 90 mm. and 60 to 80 mm. 
is better.’’ It is pertinent here to note 
that the text line leneth in the new 
format is 62 mm., as compared to 127 
mm. in the former single column page. 

In response to a direct inquiry, Mr. 
Andrew J. Farr of the Graphie Arts 
Association of Illinois advises that ‘‘ A 
line containing about forty characters 
and spaces has always been considered 


an ideal easy reading measure.’’ The 
new two-column page fulfills this 


specification almost exactly. 

So much for the advantage to the 
reader.* 

By using the shorter line, it is pos- 
sible to use a smaller type face and 
thus to produce a more compact vol- 
ume. The new format reduces space 
(and paper) requirements about 15 
per cent and results in a slight redue- 
tion in printing costs. This reduction 
will also be reflected in the eost of re- 
prints. 

The two-column arrangement per- 
mits better placement of figures and 
tables in that ‘‘white space’’ is elimi- 
nated where the full page width is not 
required. A further improvement, 
from the aesthetic standpoint, is the 
use of bold-face type in the captions 

*The article ‘‘How Well Do You Read’’ 
on page 102 of the November, 1945, issue of 
Reader’s Digest may be of further interest in 
this connection. 
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and in the titles of tables and cuts. 
This gives a pleasing contrast that 
eliminates the monotony of a solid page 
of uniform type. 

To summarize, the new ‘‘stream- 
lined’’ version of the Journal is easier 
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to read, less bulky, improved in ap- 
pearance and, withal, less expensive to 
produce. These facts should be taken 
into account by the reader before he 
passes final judgment on the change. 
W. iH. W. 


IT WILL BE THE NINETEENTH ANNUAL MEETING 
AT TORONTO 


In the course of the Board of Con- 
trol sessions at Pittsburgh in 1944, ob- 
jection was raised to the designation 
of that conference as the ‘‘ Fifth An- 
nual Meeting,’’ because such numeri- 
cal designation connoted a false im- 
pression of the age of the Federation, 
even though it correctly stated the 
number of conventions of the member- 
ship-at-large that had been held. Ac- 
cordingly, the Board acted officially to 
establish the Pittsburgh conference as 
the ‘‘Sixteenth Annual Meeting,’’ with 
the intention that the annual gather- 
ings of the Board of Control from 1928 
to 1941 would thus be duly recognized, 
and properly so. This action was 
promptly recorded in the minutes. 


Several months later there was a 
disconcerting discovery. While  as- 
sembling data on past annual meetings 
for the 1945 directory it was found 
that the Board of Control meeting at 
Pittsburgh was not the sixteenth but 
the seventeenth annual conclave of 
that august body! 

The very first item of business at the 
1945 meeting of the Board was to 
rectify the omission of the lost anni- 
versary and to correct the minutes of 
the Pittsburgh meeting. All is now 
serene in the counting room and a 
vigilant watch will be maintained 
henceforth to make certain that no 
more birthdays go astray! 


W. H. W. 
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MISSOURI WATER AND SEWERAGE CONFERENCE 


21st Annual Meeting 


Jefferson City, Mo., October 22-23, 1945 


The twenty-first Annual Meeting of 
the Missouri Water and Sewerage Con- 
ference was held at the Missouri Hotel, 
Jefferson City, on October 22-23, 1945. 
Total registration was 147. 

The Water and Sewage Divisions 
met in joint session to open the con- 
ference, with President J. F. Sanders 
presiding. Papers presented were 
‘‘Flood Control and Its Relation to 
Water Supplies,’’ by J. A. Short of 
the Water Division of the Missouri 
Department of Resources and Develop- 
ment, and ‘‘Labor Relations,’’ by W. 
V. Weir, Supt., St. Louis County 
Water Company. 

The Sewage Division met in sepa- 
rate session in the afternoon of the first 
day, the following program being pre- 
sented with G. L. Loelkes presiding: 
“‘Milk Waste Products,’’ by H. E. 
Trebler, National Dairy Product Corp., 
Baltimore, Md.; ‘‘Infiltration,’’ by 
Dewey Welch, City Engineer, Colum- 
bia, Mo.; and ‘‘Fly Control with 
DDT,’’ by Robert Sikorsky, U. S. P. 
H. S., Jefferson City, Mo. 

At the business meeting held in the 
evening of October 22, important aec- 
tions included a by-laws amendment 
by which the Conference becomes a 
sponsor of the water and sewage works 
correspondence courses offered by the 
University of Missouri and the adop- 
tion of a voluntary certification pro- 
eram for sewage works operators. 
George S. Russell, faithful supporter 
of Conference activities for many 


years, was honored with the Federa- 
tion’s Kenneth Allen Award, the cer- 
tificate being presented by W. H. 
Wisely, Executive Secretary-Editor of 


elected to 
the year 


the Federation. Officers 
serve the Conference for 
1945-46 were: 

Chairman: Roscoe R. Howard, Slater 

Vice-Chairman: V. P. Opie, Paris 

Secretary-Treasurer: W. A. Kramer, 

Jefferson City 

Another general session was held on 
the morning of October 24 at which 
the papers presented included : ‘‘ Legis- 
lation Applying to Water and Sewer- 
age Utilities Under New Constitution,’’ 
by R. E. MeDonnell of Kansas City; 
‘*Federal Works Ageney Program,’’ 
by C. W. Anderson of the Kansas City 
District Office of FWA; and ‘‘Pen- 
sions, Retirement Plan and Social Se- 
curity as Applied to Water Works Em- 
ployees,’’ by D. L. Maffitt. Des Moines, 
Ia. A short informal talk by Maj. 
Warwick Doll on his observations of 
sanitary engineering works in Ger- 
many was an added feature of this 
session. 

In the afternoon, separate meetings 
of the Water and Sewage Divisions 
were again held, the program of the 
latter comprising two papers: ‘‘Gar- 
bage Disposal,’’ by L. E. Ordelheide, 
Missouri State Board of Health, and 
‘*Flow Measurements in Sewerage Sys- 
tems,’’ by Prof. H. W. Wood, Univer- 
sity of Missouri. 

The twenty-first Annual Meeting 
closed with the Annual Dinner in the 
evening of October 23. W. E. Ralls, 
Supt. of Light and Water at Trenton, 
Mo., was presented at this function 
with the Annual Award of the Con- 


ference. . ‘ 
WARREN A. KRAMER, 


Secretary-Treasurer 
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OHIO CONFERENCE ON SEWAGE TREATMENT 


Nineteenth Annual Meeting 
Columbus, Ohio, October 31—November 1, 1945 


The Nineteenth Annual Meeting of 
the Ohio Conference on Sewage Treat- 
ment was held at the Hotel Fort Hayes, 
Columbus, on October 31 and Novem- 
ber 1, 1945. Ninety members and 

uests were registered. 

The conference opened with the an- 

ual business meeting, at which Chair- 

ian J. R. Turner presided. The fol- 
wing officers were elected to serve for 
1945-46 : 


Chairman: D. D. Heffelfinger, Alliance 

Vice-Chairman: L. C. Hoffman, Dayton 

Secretary-Treasurer: Wi. B. Barnes, 
Bowling Green 


I. H. Waring, Chief Engineer of the 
State Department of Health, was hon- 
ored for his past service to the confer- 
ence when he was presented with the 
Kenneth Allen Award of the Federa- 
tion of Sewage Works Associations. 
Presentation of the certificate of 
Award to Mr. Waring was made by 
\W. Hl. Wisely, Executive Secretary of 
the Federation. 

The program at the annual dinner 
offered dual attractions. The address 
‘Legislative Problems in Ohio’’ by the 
Hlon. Roseoe R. Waleutt, State Senator 
from the Twelfth District, was both 
amusing and instructive. The second 
feature of this function was the trave- 
logue, illustrated with slides, given by 
Dr. A. J. Fischer of the Dorr Co., Ine., 
in which Dr. Fischer presented scenes 
he encountered in Germany during the 
course of his government mission dur- 
ing the past summer. 

Technical papers presented at the 
Conference were: 


‘‘Sewage Practice Encountered Over- 
seas’? by E. E. Smith, General Super- 
intendent, Department of Water and 
Sewage Treatment at Lima, Ohio. 

‘*A Study of Wastes from the Syn- 
thetie Rubber Industry’? by C. C. 


Ruchhoft, Principal Chemist, U. S. P. 
Hf. S., Cineinnati. 

‘Modern Trends in the Sewage 
Works Field’? by W. H. Wisely, Ex- 
ecutive Secretary-Editor of F.S. W. A. 

‘*Treatment of Supernatant Liquor’’ 
by Ming Lee, Sanitary Engineering 
Department of the University of Tli- 
nois at Urbana. 

‘*Experience of a Sanitary Engineer 
in Persia’’ by Lt. Col. F. D. Stewart, 
Chief of the Sanitary Branch Head- 
quarters, Fifth Service Command at 
Columbus. 

‘*Report on the Pilot Plant Opera- 
tion of the Dorr Company Vacuator’’ 
by John J. Wirts and Dr. A. J. Fischer, 
Superintendent, Easterly Sewage 
Treatment Plant, Cleveland, and Re- 
search Engineer of the Dorr Company, 
Ine., New York City, respectively. 

‘*Plannine Sewage Treatment Im- 
provements for the Post War Era’’ by 
F. H. Waring. 

‘*Progress in Waste Pickle Liquor 
Treatment’? by Richard D. Hoak, 
Senior Fellow, Mellon Institute of In- 
dustrial Research at Pittsburgh. 

‘‘Sanitary Engineering at an Ord- 
nance Depot’’ by L. T. Hagerty, Asso- 
ciate Sanitary Engineer, Blue Grass 
Ordnance Depot, Richmond, Ky. 

A series of round table discussions 
included : 

‘Activated Sludge’’ by J. R. Col- 
lier, Superintendent of Sewage Treat- 
ment, Elyria, Ohio. 

‘Sewage Filtration’? by Earl F. 
Wittmer, Chemical Engineer, Floyd 
G. Browne and Associates, Marion, 
Ohio. 

‘*Sludge Digestion and Disposal’’ by 
Walter E. Gerdel, Superintendent of 
Westerly Sewage Treatment Plant, 
Cleveland. 

‘Standardizing Laboratory Prac- 
tice’? by T. C. Schaetzle, Engineer- 
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Chemist, Sewage Treatment Plant at At the close of the program those 
Akron. interested made an inspection trip to 
‘‘Sewage Plant Maintenance’’ by R. the Columbus Sewage Treatment Plant 
F’. Snyder, Sanitary Engineer, Sewage L. B. Barnes, 
Treatment Plant at Massillon, Ohio. Secretary-Treasurer 


MEMBER ASSOCIATION MEETINGS 


Texas Sewage Section College Station, Feb. 11-13 
Texas 
New Jersey Sewage Works Association Stacy-Trent Hotel, March 20-22 
Trenton, New Jersey 

Montana Sewage Works Association Finlen Hotel, April 11-12 
Butte, Montana 

New England Sewage Works Association Hotel Pickwick Arms, May 17 
Greenwich, Conn. 

Pacific Northwest Sewage Works Association —_—_—_—__—— May 22-24 

Central States Sewage Works Association Purdue University, June 13-14 


Lafayette, Ind. 








Federation Affairs 


MINUTES OF MEETING OF 1945 BOARD OF CONTROL 
October 17, 1945 


The Annual Meeting of the Board of Control of the Federation of Sewage Works 
Associations was called to order by President A. E. Berry in the Hotel Stevens, Chicago, 
ll., at 10:45 A.M., October 17, 1945. 


Roll call was as follows, a quorum being represented: 


PRESENT IN PERSON 
Represented by 
HOTEL TA aac Bex o tt che ans is ails PGS SA Uae Wag, gn grate aie al areoaatete.alee ake A. E. Berry 


Ie aera NN Nth ge ba cc sats hy aarp aoed wade revs 41s OSG J. K. Hoskins 
W. W. DeBerard 


Affiliate or O flice Repre sented 


GUS UTC ear eh ee aa nee DEE Oa ck Uist esinads ewes o edlewewarders 
California Sewaewe Works Assn: .6..600.0000c000cecc8ebnecenevee C. C. Kennedy 
HEUCTAITISE WAPE INOSCATCD ASSN: O55 iu ns Fin ood dead Oaeerseuawulees M. LeBosquet, Jr. 
PIGTIG A SOWARE WOLKE ONSONS ci 1255'S Sota Sheed. S10e Sedo oo ahd rate Oe F. A. Eidsness 
Geormia Water GNC SC WADE ASSDe siscciiedisiev 4 wayside dare ebro ore aiateds H. A. Wyckoff 
Lona Wetstes: MOIS OSA SSI wor. cecal a ieisrealeandiinra: «1s, bia eave era ima ¥ wielaeeNE J. W. Pray 
Kansas: Water and Sewase WOLKS ASSN: « s.c.. 66 vee eee ce ee Saeles P. D. Haney 
Maryland-Delaware Water and Sewage Assn. ..............-2000. A. L. Genter 
Missouri Water and Sewerage Conference ........... 0000s eee eens W. Q. Kehr 

New. Hneland Sewace Works ASSiy 2c Kcsieieen 6 oars 00 ted owe doe asain J. H. Brooks, Jr. 
Pennsylvania SeWaee) VWOEKS CASSIS 5 )ci4 oso s.0 cd aes 5 oe din's @ oie are,als F. S. Friel 
Rocky Mountain Sewage Works Assn. ..............ce0cccceceee D. E. Kepner 
PERAS SOwAee WW OLRS SOCIO 6 cis. siss scsitial ws ws. j0 9.0.0 2 OS 0-08 wre wlagernts W.S. Mahlie 
Canadian Inst. on Sewage and Sanitation ..............s.eeeee0e8 Stanley Shupe 
DUIOYG Pee Oi L-0 vie lee lr on a F. W. Mohlman 
SRT ey TRO SN i Ihe I ile ie cag jig wartbiin Sane ub Wada ed eden) Bee C. A. Emerson 
Water and Sewage Works Miers: Assis ..o:.2 6.6.s:06.siss-s amerereraeaieioiee L. H. Enslow 
Water and Sewace Works: Miers: ASSIS: sisi oc csi0.0e'ss0 edie emieisie's W. B. Marshall 
Water and Seware Works Miers: ASSN? sic s ce %seas dois a.du0 sie oieve aleiere F. W. Lovett 
OIPanIZA On OOMEMMULCE Sooo 5io's ere eiierels, 0 4a. 5o's aie 9 Sa orwrerewaennwee Gers Earnest Boyce 
PADIEGAILONS \OOMIINTELOS. © ane. cke SR hee alten 6 Bre abo; o's bias Dyoreuis Boahe wage. guaeteltel F. W. Gilereas 
Sewace Works Practice Committee .sis..cc0 6 cca seu sieawae new eae’ M. M. Cohn 


PRESENT IN PERSON, ACTING BY PROXY 
Represented by 
PAGE Heeste cits zt lesaiatercicius-eiece- oye lone one bueleteter G. J. Sehroepfer (for A. M. Rawn) 


Dakota Water and Sewage Works Conf. ...... Kenneth Piper (for K. C. Lauster) 
G. S. Russell (for W. F. Shephard) 


Affiliate or Office Represented 


Michigan Sewage Works Assn............--6- 

New Jersey Sewage Works Assn. .........-.+- M. S. Kachorsky (for E. P. Molitor) 
New York State Sewage Works Assn. ......... E. J. Smith (for C. G. Andersen) 
Ohio Sewase WOrks CON: sc ccicicisis <cxclee sree eves A A. H. Niles (for C. D. MeGuire) 
Oklahoma Water and Sewage Conf. .......... V. P. Enloe (for E. R. Stapley) 
Pacific Northwest Sewage Works Assn. ....... R. E. Fuhrman (for M. S. Campbell) 
Argentina Society of Engineers ...........++-. W. D. Hatfield (for E. B. Besselievre) 
DITBCEOL-AUS PANO Ais icsionveaveicee rai nie sieisreisisioie gees O. T. Birkeness (for W. J. Orchard) 


Executive Seeretary-Editor W. H. Wisely was also present. 
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The Executive Secretary directed atten- 
tion to an error in the minutes of the meet- 
ing of the 1945 Board, held on October 14, 
1944, wherein the annual meeting in 1944 
was designated as the Sixteenth Annual 
Meeting. The 1944 meeting should have 
been designated as the Seventeenth Annual 
Meeting. It was moved, seconded and car 
ried that the minutes of the Board of Con- 
trol meetings held at Pittsburgh on October 
11 and 14, 1944, be approved with the 
above correction and otherwise as pub- 
lished in S—EwaGe Works JourNAL, 17, 1, 
158 (January, 1945). 

President Berry presented the following 
as his report: 

“The past year has been an abnormal 
one because of the effect of the war on 
the activities of the Federation. Re 
strictions on transportation made it nee 
essary to cancel the annual convention 
scheduled for Toronto on October 1-3. 
Many Member Association conventions 
have likewise had to be cancelled or held 
on a reduced scale. In spite of this there 
has been an ever increasing interest in 
the work of the Federation, and the 
membership has risen by 228 over that 
of a year ago. 

“Committee activities have continued 

most energetically. All are making 

splendid progress. The first manual of 
practice has been published and more 
are to follow at an early date. The 

Federation has played a prominent part 

in the preparation of the Ninth Edition 

of Standard Methods of Water and Sew 
age Analysis, soon to be released. 


“The close of the war has opened up new 
opportunities for service by the Federa- 
tion. The Water and Sewage Works 
Development Committee, on which this 
organization has been represented, has 
stimulated planning and _ blueprinting, 
with the result that the work already 
planned has now exceeded a billion dol- 
lars. As materials and labor become 
available it is anticipated these projects 
will reach the construction stage rapidly. 


“The past year has been a prosperous 
one for the Federation, both in member- 
ship and in finances. 

“While it was not possible to hold the 


usual convention, your Publications Com- 
mittee has secured papers in much the 
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same way as for an annual meeting. 
Some of these have already appeared in 
the JourNAL and others will be published 
very shortly. This will be most helpful 
to all members. Similarly, the loss re- 
sulting from the lack of exhibits is being 
offset by the Water and Sewage Works 
Manufacturers Assn. through the publi- 
cation of a brochure or ‘Convention in 
Print.” This will be distributed to all 
members as a most helpful contribution 
to these times. 
“The details of the year’s activities will 
be presented in the reports of the secre- 
tary and the various committees. The 
co-operation of all officers of the Fed- 
eration, members of the Board of Con- 
trol and committees has been greatly ap- 
preciated, and my thanks to them are 
tendered herewith.” 

The Executive Secretary-Editor — pre- 
sented his report * for the vear ended Sep- 
tember 30, 1945. Reference was made to 
the gains in membership and financial posi- 


_tion and to the expansion of current fune- 


tions and services. The report was ac- 
cepted, by motion, seconded and carried. 
Treasurer W. W. DeBerard presented 
his report for the year ended September 
50, 1945. The unencumbered total balance 
in banks at the close of the year was given 
as $17,830.03, distributed as follows: 
Balance, 
Sept. 30, 
1945 
First National (Champaign).. $ 7,830.03 
Busey’s State (Urbana) ...... 5,000.00 
Continental-Ilinois (Chicago). 5,000.00 


MUG Da Go ete see Reha isis $17,830.03 


.It was pointed out that the above bank 


balances are in agreement with those 
stated in the financial report of the Execu- 
tave Secretary and with the corresponding 
bank statements. It was also reported 
that, in accordance with the authorization 
of the Board and instructions of the Fi- 
nance Advisory Committee, $5,000 was 
invested in 1945 in registered U. S. Treas- 
ury Bonds and $2,733.03 in registered Do- 
minion of Canada Bonds. These securi- 
ties are held in the safety deposit box of 
the Federation in the First National Bank 


* See page 144, 
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of Champaign. By motion, seconded and 
carried, the report was accepted subject to 
the annual audit. 

The report of the Executive Committee 
was presented by President Berry and re- 
ferred to the 1946 Board by motion, sec- 
onded and earried. 

The report of the General Policy Com- 
mittee offered a recommendation “that the 
Federation sponsor a Fellowship for the 
study of some particularly perplexing prob- 
lem in sewage research.” It was ordered 
that the report be placed on file. 

The report of the Publications Commit- 
tee, containing the following reeommenda- 
tions, was presented by Chairman Gilereas: 


“In 1941, the Board of Control, on ree- 
ommendation of the Publications Com- 
mittee, established rules and regulations 
relative to the publication of papers pre- 
sented at meetings of the Federation and 
Member Associations. Regulation 1 
states that ‘All papers presented before 
the meetings of the Federation or be- 
fore any of its Member Associations 
become the property of the Federation, 
and publication of these in any but the 
Federation publications can be made 
only with specific permission from the 
Publications Committee.’ Reconsidera- 
tion of this regulation was made by the 
Committee to determine if the policy 
should be liberalized in any way to per- 
mit publication in journals other than 
SewaGE Works JourRNAL of papers pre- 
sented at meetings of the Federation or 
of Member Associations. The concen- 
sus of opinion of the Committee was that 
the present regulation should remain 
unchanged but that the Chairman of the 
Publications Committee and the Editor 
of the JourNAL should be permitted to 
act for the full committee to determine 
in specifie instances if simultaneous pub- 
lication in a journal other than SEWAGE 
Works JourRNAL should be permitted. 
The Committee, therefore, recommends 
that there be no change made in the pres- 
ent rules and regulations. 


“The Editor of the JourRNAL requested 
the opinion of the Publications Commit- 
tee regarding a change in the format of 
the JourRNAL which would provide for 
a two-column page in place of the single- 
column page in use since the establish- 
ment of the JourNAL. The Committee 
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unanimously recommends that the two- 
column format be adopted for SEWAGE 
Works JOURNAL. 

“Since it was anticipated that the glos- 
sary of sewage works terms would be 
presented for approval in the near fu- 
ture, the Publications Committee was eir- 
cularized to determine if they would 
permit the Chairman of the Committee 
to act for them in passing upon this 
glossary since copies of the galley proof 
would not be available for all members. 
The Committe unanimously delegated this 
responsibility to the Chairman. 


“The Sewage Works Practice Committee 
has submitted to the Publications Com- 
mittee the first draft of Manual No. 2, 
‘Utilization of Sewage Sludge as Fer- 
tilizer Copies have been sent to all 
members of the Committee, who have 
given their tentative approval and have 
agreed that the final approval of the 
Manual may be delegated to the Editor 
and Advisory Editor.” 


By motion, seconded and carried, the ree- 
ommendations of the committee were 
adopted, with instructions to the Editor to 
institute the format change with the Jan- 
uary, 1946, issue of the JOURNAL. 

Chairman Boyee presented the report of 
the Organization Committee, as follows: 


“In order that the reports of this Com- 
inittee will provide a complete record of 
organizational activity, note is made of 
the application of the Montana Sewage 
Works Association. The revised Con- 
stitution and By-Laws of the Montana 
association were submitted to and ap- 
proved by the members of the Organiza- 
tion Committee subsequent to the com- 
pletion of the 1944 report, but before 
the Annual Meeting of the Board of 
Control held October 11, 1944. Note is 
therefore made of the approval given by 
the Board to the Montana association at 
this meeting. 


“Note is also made of the action taken at 
the 1944 Board of Control meeting with 
reference to the Georgia Water and 
Sewage Association Constitution and By- 
Laws, as amended in September, 1944. 
The Board action was to give approval 
‘subject to the review of the Organiza- 
tion Committee. Committee approval 
was subsequently indicated to the Execu- 
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tive Seeretary in a letter dated Novem- 
ber 21, 1944. 


“In September, 1943, the Organization 
Committee made certain constitution re 
vision recommendations to the Pacific 
Northwest Sewage Works Association. 
The recommendations were subsequently 
incorporated in an amended Constitution 
and By-Laws and adopted by that asso- 
ciation on May 11, 1944. Knowledge of 
this action did not reach the Committee 
until after the 1944 Board meeting. The 
Committee recommends to the Board of 
Control the approval of the revised Con- 
stitution and By-Laws of the Pacific 
Northwest Sewage Works Association. 


“The Constitution and By-Laws of the 
Pennsylvania Sewage Works Association 
were amended in September, 1941. The 
Organization Committee in 1942 made 
certain recommendations with regard to 
additional amendments that would more 
definitely provide for the affiliation of 
the association with the Federation and 
for the election of a Director to repre- 
sent the association on the Federation 
Board of Control. The matter has now 
been reopened, and it is anticipated that 
in the near future it will be possible for 
the Organization Committee to submit a 
favorable report to the Board of Con 
trol with regard to this association. 


“The Iowa Wastes Disposal Association 
is now in the process of reorganization 
and, with the approval of its member 
ship, will become the Iowa Sewage 
Works Association. The proposed Con- 
stitution and By-Laws of the new or- 
ganization have been submitted for prior 
approval by this committee. Certain 
revisions and clarifications have been 
made as the result of this preliminary 
review, and the Organization Commit- 
tee recommends to the Board of Control 
the approval of the new Constitution and 
By-Laws of the Towa Sewage Works 
Association, contingent upon the com 
pletion of the reorganization of the as- 
sociation, as now proposed. 


“The Louisiana Conference on Water 
Supply and Sewerage has expressed a 
desire to revise its Constitution and By- 
Laws to provide for a Sewage Works 
Section. The advice of the Executive 
Secretary and the Organization Com- 
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mittee has been requested in the prepa- 
ration of the proposed amendments. It 
is anticipated that within the year that 
appropriate action will have been taken 
by the Louisiana association to provide 
for affiliation with the Federation. 


“The Committee continues its reeommen- 
dation that, pending the resumption of 
more normal conditions with regard to 
the activities of Member Associations, 
the Board of Control continue the affilia- 
tion of the following associations, which 
have not as yet submitted revised Con- 
stitutions and By-Laws, as nominal 
members of the Federation for the en 
suing year: 

Arizona Maryland-Delaware Oklahoma 


“A check of the areas covered by the 
various Member Associations discloses 
that the following states are not offi- 
cially included in any sewage works as 
sociation that is now or may soon be 
come a member of the Federation: 


Alabama South Carolina 
Arkansas Tennessee 
Kentucky Utah 
Mississippi Virginia 
Nebraska West Virginia 
Nevada 


“The Committee recommends that a defi- 
nite campaign be instituted through the 
office of the Exeeutive Secretary, as- 
sisted by such committee or committees 
as may be helpful, to stimulate organiza- 
tional interest in those states or areas 
not now represented by local sewage 
works associations; and to aid in pro- 
viding complete coverage by the Federa- 
tion of all states by securing the or- 
ganization of loeal associations in those 
areas not now covered. 


“Suggestions from Federation members 
residing in the states listed, or others, 
with regard to the possibility of extend- 
ing organizational activity into these 
states would be appreciated.” 


By motion, seconded and carried, the re- 
port was accepted and all recommendations 
approved, with commendation to the com- 
mittee and with the suggestion that exist- 
ing Member Associations could be helpful 
in developing interest in adjacent states 
not now represented in the Federation by 
inviting to their technical meetings any 
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individuals who are engaged in sewage 
works activity in such non-member states. 
The Constitution and By-Laws of the Iows 
Sewage Works Association (replacing the 
Iowa Wastes Disposal Association) were 
approved subject to adoption by the mem- 
bership of the association. 

Chairman Cohn presented a detailed 
progress report * on the activities of the 
Sewage Works Practice Committee, re- 
ferring to gratifying activity in the devel- 
opment of several new manuals of prac- 
tice. The report was accepted by motion, 
seconded and earried. Mr. Enslow sug- 
gested that the committee give considera- 
tion to the production of a manual on sew- 
age works cost accounting and Mr. 
Emerson suggested that the Exeeutive Sec- 
retary investigate the purchase of a supply 
of standard ring binders for filing manuals 
of practice, such binders to be distributed 
by sale after the second or third manual 
is published. Mr. Niles suggested that fu- 
ture manuals be punched for such a binder 
before distribution. The Executive Sec- 
retary was authorized to extend a 15 per 
cent discount on all purchases of 300 or 
more copies of manuals of practice. 

It was moved, seconded and earried that 
publication of Manual of Practice No. 2, 
entitled “Utilization of Sewage Sludge as 
Fertilizer,” is authorized subject to final 
editing by Langdon Pearse, the Advisory 
Editor and the Editor. 

The report of the Research Committee 
was presented by the Executive Secretary 
for Chairman Heukelekian. This was a 
statement of activity for the year and con- 
tained no recommendations. The report 
was accepted, by motion, seconded and 
carried. 

Chairman Hatfield presented the report 
of the Committee on Standard Methods of 
Sewage Analysis, in which progress in the 
production of the Ninth Edition of the lab- 
oratory manual Standard Methods of 
Water and Sewage Analysis was cited. 
Distribution of the new edition is antici- 
pated by late 1945 or early 1946. A Sub- 
committee on Industrial Waste Analyses 
has been created to fill a current need for 
special study. The report was accepted, 
by motion, seconded and earried. 

The Executive Secretary presented the 
report of the Committee on Sewage Works 


*See page 155, 
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Nomenclature for Chairman Velz. The 
report cited progress in the production of 
the Glossary of Water and Sewage Con- 
trol Engineering, a joint project of 
A.S.C.E., A.P.H.A., A.W.W.A. and the 
Federation. . Several details of production 
were explained and it was stated that C. 
L. Bogert, Editor of the glossary, had de- 
livered the edited manuscript to A.S.C.E. 
on October 2, 1945. The report was ap- 
proved, by motion, seconded and earried. 

It was moved, seconded and carried that 
the Secretary advise the chairmen of the 
collaborating joint glossary committees that 
it is the desire of the Federation that the 
term “sewage works” be designated as the 
comprehensive term including all strue- 
tures used for the collection, treatment and 
disposal of sewage. 

The report * of the Committee on Oper- 
ation Reports was presented by the Execu- 
tive Secretary for Chairman Babbitt. 
Creation of an annual operation award, to 
be known as the William D. Hatfield 
Award, was recommended and the mechan- 
ies of determination of the recipient each 
year were set forth. By motion, seconded 
and carried, the recommendations of the 
report were adopted, with instructions to 
the committee to initiate the program im- 
mediately. 

The report + of the Committee on Quali- 
fications of Sewage Treatment Plant Oper- 
ators was presented by the Secretary for 
Chairman Van Kleeck. This report, sev- 
eral years in development, sets forth an 
analysis of existing plans for certification 
and registration of operators with detailed 
recommendations for the guidance of the 
field in establishing new programs and in 
improving those now in operation. With 
several minor amendments, the report was 
adopted by motion, seconded and carried, 
the committee to be continued to activate 
the provisions of the report. 

Chairman Mohlman presented a verbal 
report for the Industrial Wastes Commit- 
tee, advising that functions to date have 
been mainly organizational except for the 
arrangement for several technical program 
and JOURNAL contributions. The commit- 
tee plans to bend its efforts toward the 
development of interest in industrial waste 
problems in the Member Associations as 


‘See page 157. 
+ See page 147. 
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well as on a national basis. The report 
was accepted, by motion, seconded and 
earried, with the suggestion that this aspect 
of Federation activity be given the great- 
est possible emphasis and that such ac- 
tivity be aimed toward achievement of 
maximum co-operation between the inter- 
ests concerned with industrial pollution. 
President Berry presented the report of 


the Finance Advisory Committee for 
Award 
Harrison Prescott Eddy .......... 


George Bradley Gascoigne 
Charles Alvin 
Kenneth Allen: 

Florida Sewage Works Assn. 


Emerson 


Kansas Water and Sewage Works Assn. 
Missouri Water and Sewerage Conf. 


Ohio Sewage Works Conf. 
Pennsylvania Sewage Works Assn. 


Arizona Sewage and Water Works Assn. 


Chairman Orchard, who was unable to be 
in attendance because of illness. The 
verbal presentation referred to the services 
of the committee in carrying out the prior 
instructions of the Board in regard to 
the 1944 audit, the investment of funds 
referred to in the report of the Treasurer 
and in the determination of financial de- 
tails of the 1945 membership contest. The 
committee also developed the 1946 budget, 
us presented by the Executive Committee. 
The report was accepted, by motion, sec- 
onded and earried, and the Exeeutive See- 
retary was instructed to extend the regrets 
of the Board to Chairman Orchard at his 
inability to attend this meeting, with best 
wishes for his early and complete recovery. 

Mr. Emerson, senior representative of 
the Federation on the Joint Committee on 
Water and Sewage Works Development, 
presented a verbal report for that com- 
mittee. He reviewed past accomplish- 
ments and outlined current activities, point- 
ing out that the original objectives of the 
committee have been largely realized. 
Present work is on a limited seale and is 
being conducted from the headquarters of 
the W.&S.W.M.A. By motion, seconded 
and carried, the report was approved. 

Chairman Emerson presented the 
port* of the Committee on Honorary 
Membership, which report recommended 


re- 


* See page 159. 
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that Dr. Willem Rudolfs be elected to the 
rank of Honorary Member. A motion to 
adopt the recommendation was seconded 


and earried and the election of Dr. Ru 
dolfs to honorary membership was so 
ordered. 


The report * of the Awards Committee 
was next presented, with recommendations 
that the 1945 awards be conferred as fol 
lows: 


Recipient 
Lloyd R. Setter 
John D. MeDonald 
Harold Warner Streeter 


Joe Williamson, Jr. 
Murray Alderson Wilson 
George S. Russell 
Frederick Holman Waring 
Howard Eugene Moses 
Dario Travaini 


By motion, seconded and earried, the rec 
ommended awards were authorized, and the 
Executive Secretary was instructed to se 
cure cost and other data concerning the 
production of suitable emblems to be pre 
sented to recipients of past and future 
awards, his report to be cleared through 
the Awards Committee and referred to the 
Executive Committee for recommendation 
to the Board of Control at the next annual 
meeting. 

The Executive Secretary presented the 
following applications for membership in 
the Federation in the grade of Associate 
Member: 


American Conerete Pipe Assn., Chicago, 
Ill. 

Climax Engineering Co., Chieago, Ill. 

Josam Manufacturing Co., Cleveland, Ohio 

MeNulty Engineering Co., South Boston, 
Mass. 


By motion, seconded and carried, the above 
applications were approved. 

President Berry suggested that action 
of the Board was desirable in regard to 
authorization for the reimbursement ot 
members of the Board in attendance at this 
meeting for their hotel expenses while in 
Chicago. It was pointed out that many 
of those present had attended at personal 
expense. It was moved, seconded and car- 


* See page 159. 
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ried that the Treasurer and Executive See- 
retary be authorized to reimburse each 
nember of the Board who had been re- 
quired to spend two nights in Chicago to 
the amount of $10 and each member who 
had been required to spend but one night 
n Chieago to the amount of $6, this ex- 
pense to be charged to the administration 
ind convention expense accounts. 

Mr. Friel inquired as to the procedure 
that would be required to make it possible 
or an Active or Corporate Member of any 
Member Association to claim direet mem 
wrship in the Federation. General dis- 
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cussion brought out that such a change 
would involve a complete revision of the 
hasie structure of the Federation. No ac- 
tion was taken. 

President Berry issued a eall for a meet- 
ing of the Election Committee to follow 
immediately the adjournment of this ses- 
sion. 

The meeting adjourned sine die at 3:55 
P.M. 

(Signed) W. H. WISELY, 
Executive Secretary 
Approved: 
(Signed) <A. E. Berry, President 


1945 ELECTION COMMITTEE 


October 17, 1945 


The regular meeting of the 1945 Election Committee of the Federation of Sewage 


Works Associations was brought to order by President A. FE. 


Berry at 4:10 P.M., Oc- 


tober 17, 1945, in the Hotel Stevens, Chicago, Ill. 
Roll eall of Directors representing Member Associations was as follows: 


PRESENT IN PERSON 


Member Association Re presente d 


California Sewage Works Assn. ......... 


Director 


sah aldneiaten ts chennai hamee C. C. Kennedy 


PGC GTA) AWE MUGNCHUCI CASI 5, 5.505004 co: oirc. Soaratai atw-sialgielly le saa relaleseideeis M. LeBosquet, Jr. 
HRGTIC ATC WACOM WOT RS MSSM clogs ile Silda wisisreind's,dewiele SoS esaiels KF. A. Eidsness 
GGOrein VV ater ANd) PEWALE ASS 5 ci55 Jivesiercisisticalene Gleesarelalelelewiosuato.s H. A. Wyckoff 
OWA VV ASIC MUIRIDOSAN: INSOM sg (ofavereierersisvsik eis sos a)ieSialalo\s wise ese ees oom J. W. Pray 
Kansas Water and pewage WOLkKS ASSN. .o.cssa ls iawn wees ons P. D. Haney 
Maryland-Delaware Water and Sewage Assn. ................000. A. L. Genter 
Missourn Water and Sewerage Cont. .2...0.05..66 6s ete viewers W. Q. Kehr 

New Mncland Sewaee) WOrkS (ASEM: «62.1.5 iurecs:s's. «isis os sinoiess w niwa ats J. H. Brooks, Jr. 
Pennsylvania Sewaee WiOEKS ASBi ac oe 6 aGieise Wiese Sateiars wide as wine ars F. S. Friel 

Rocky Mountain Sewace Works ASS: ..606..0. 52s es ee ais aes D. E. Kepner 
WERAG SHE WARE. VVOEBS OCUIOI cnscdie + syevsielele: cue oveilas 9 Ga! t vaselslga vie ee'eiere W. S. Mahlie 
Canadian Institute on Sewage and Sanitation .................... Stanley Shupe 


PRESENT IN PERSON, ACTING BY PROXY 


Member Association Represented 


Central States Sewage Works Assn. ...... 
Dakota Water and Sewage Works Conf. ... 
Michigan Sewage Works Assn. ........... 
New Jersey Sewage Works Assn. ......... 
New York State Sewage Works Assn. ..... 
Ohio Sewage Works Conference ......... 
Oklahoma Water and Sewage Conf. ...... 
Pacific Northwest Sewage Works Assn. ... 
Argentina Society of Engineers ......... 


Represented by 


... C. C. Larson (for B. A. Poole) 

... Kenneth Piper (for K. C. Lauster) 

... G. 8. Russell (for W. F. Shephard) 

... M.S. Kachorsky (for E. P. Molitor) 
... E. J. Smith (for C. G. Andersen) 

... A. H. Niles (for C. D. McGuire) 

... V.P. Enloe (for E. R. Stapley) 

... G. J. Schroepfer (for M. S. Campbell) 
... R. E. Fuhrman (for E. B. Besselievre) 
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The above representation constituted a 
quorum. Executive Secretary W. H. 
Wisely was also present. 

President Berry called for nominations 
to the office of President for the year 1945 
46 and the name of J. K. Hoskins (Fed- 
eral) was presented by Mr. LeBosquet. 
There were no further nominations and a 
motion to close was seconded and carried. 
The election of Mr. Hoskins as President 
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a renomination of W. W. DeBerard (Cen 
tral States) by Mr. Brooks. No _ other 
names were offered and a motion to close 
the nominations was seconded and carried. 
Re-election of Mr. DeBerard was 
firmed by viva voce vote and so declared. 

Nominations for the office of Director 
at-Large for a three-year term ending in 
October, 1948, were requested. The name 
of Harold F. Gray (California) was pre 


con 


sented by Mr. Kennedy. There were no 
further nominations and motion to 
was seconded and earried. By viva voce 
vote, the election of Mr. Gray to the office 


was confirmed by viva voce vote and so 
declared. 

Upon call for nominations to the office 
of Vice-President for the year 1945-46, the 


close 


name of F. §. Friel (Pennsylvania) was of Director-at-Large was confirmed and 
presented by Mr. Genter. There being no — so declared. 
further nominations, a motion to close was There being no further business, the 


meeting adjourned sine die at 4:25 P.M. 
(Signed) W. H. Wisety, 


Evrecutive S¢ eretary 


The election of Mr 
Vice-President 


seconded and carried. 
Friel to the office of 
confirmed by viva voce vote and so declared. 

A request for nominations to the office 
of Treasurer for the year 1945-46 brought 


Was 


Approved: 


(Signed) A. E. Berry, President 


MINUTES OF MEETING OF 1946 BOARD OF CONTROL 
October 17-18, 1945 


The organization meeting of the 1946 Board of Control of the Federation of Sewage 
Works Associations was called to order by retiring President A. E. Berry, at 4:30 P.M., 


October 17, 1945, in the Hotel Stevens, Chicago, Il. 
Roll call was as follows, a quorum being represented : 
PRESENT IN PERSON 
Affiliate or Office Represented Represented by i 
Doyen Soho e bh phon 5 NS ee re a ee eee ae J. KX. Hoskins f 
REE eis oe cists gis eons sa Ga a ROSS ARS POSS A. K. Berry 
Pier REMI ORD es eee aise Lic ans eves aig aes oNls Sls ww ROO F. S. Friel 
iCmlinormunmiseware WOrkS ASSN. 6... 6.666 ccc dsc cs sscevececaseee C. C. Kennedy 
Central States Sewage Works Assn. ........5....0.0cceccecaeces C. C. Larson 
Miederal-seware Mesearch Assn. ...... 2.6 252.5006cceeccenecsscee’ M. LeBosquet, Jr. 
TD, OS VEO Cia! F. A. EKidsness 
Georcia Water and Sewage Assn. ............00.5c5 cee es seenesee H. A. Wyckoff 
Jou EE DSS De ea ee ere er J. W. Pray 
Maryland-Delaware Water and Sewage Assn. ...............2000- R. EK. Fuhrman 
Missouri Water and Sewerage Conf. .................ccccccccvccs G. S. Russell 
New. York State Sewage Works Assn. ..........000..cccs0ccese08 Kk. J. Smith 
Conte Cia VVC: ich (0 7 a eae Pe A. H. Niles 
Pennevigania pewace Works ASSEN. .... 26.2. csc cess enceeeccees F. S. Friel 
ar EG CUTINT OS MOV RITES TSOCUROM, 55,5 1» is oo ice 6 0a. era Sai oo 6 bye, Slee al W. S. Mahlie 
Canadian Institute on Sewage and Sanitation ...................4. Stanley Shupe 
UOTE MEMO isn ois fs as wing So 5 SNS oss a wo wed BG 918 OMS eo swlawlewene C. A. Emerson 
Pe EA RET CREE NN UPI re eo an lad es wiaidial is ew SIEM a wee F. W. Mohlman 
Water and Sewage Works Mfgrs. Assn. ............ ccc cece cece L. H. Enslow 
Water and Sewage Works Mfgrs. Assn. ...........cccecceceecee F. W. Lovett 
COMER TTS TEC CCT TTT FYI RR Earnest Boyee 
PERM MEOIMN TING O50) Vie A Gsisiid.e y 656 1d Skies w Sas GhGssauaawe F. W. Gilcreas 
Seware Worm Practice Committee ....... 620.5020 eeseeeeaseceee Morris M. Cohn 
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PRESENT IN PERSON, ACTING BY PROXY 


Affiliate or Office Represented 
Treasurer 
Dakota Water and Sewage Works Conf. ... 
Kansas Water and Sewage Works Assn. ... 
Michigan Sewage Works Assn. ........... 
New England Sewage Works Assn. ....... 
New Jersey Sewage Works Assn. ......... 
Oklahoma Water and Sewage Conf. ...... 
Pacifie Northwest Sewage Works Assn. .... 
Rocky Mountain Sewage Works Assn. ..... 
Argentina Society of Engineers 
Water and Sewage Works Mfers. Assn. ... 


Represented by 
O. T. Birkeness (for W. W. DeBerard) 
Kenneth Piper (for K. C. Lauster) 
P. D. Haney (for P. E. Kaler) 
W. Q. Kehr (for W. F. Shephard) 
J. H. Brooks, Jr. (for L. W. Van Kleeck) 
M. S. Kachorsky (for E. P. Molitor) 
V. P. Enloe (for E. R. Stapley) 
(i. J. Sechroepfer (for M. S. Campbell) 
D. E. Kepner (for W. V. Leonard) 
W. D. Hatfield (for E. B. Besselievre) 
W. B. Marshall (for Linden Stuart) 


Executive Secretary-Editor W. H. Wisely was also present. 


The Executive Secretary presented the 
report of the Election Committee, which 
listed the following new officers for the 
terms indicated: J. K. Hoskins, President; 
KF. §. Friel, Vice-President; W. W. De- 
Berard, Treasurer (all to serve until Oc- 
tober, 1946) and H. F. Gray, Director-at- 
Large (to serve until October, 1948). 

In relinquishing the chair to President- 
elect Hoskins, Dr. Berry repeated his 
earlier acknowledgment of the co-operation 
he had received during the past year and 
spoke of the many pleasant associations he 
had enjoyed during his term as President. 
Ife tendered his continuing interest and aid 
toward the progress of the Federation. 

It was moved, seconded and earried that 
Past President Berry be given a rising vote 
of thanks for his energetic and progressive 
leadership in the course of his term as 
President. Dr. Berry was so acclaimed. 

Assuming the chair, President Hoskins 
thanked the Board for the confidence 
placed in him and gave assurance that he 
would serve the Federation to the best of 
his ability. He closed his brief remarks 
with a plea for the wholehearted support 
of the Board and of all officers and com- 
mittee personnel, to the end that the Fed- 
eration may meet more than adequately its 
growing responsibilities. 

The Executive Secretary presented the 
matter of the continuation of the member- 
ship contest in 1946 and requested au- 
thorization for the prizes if the contest is 
to be eondueted, which item of business 
was referred from the 1945 Board. It was 
moved and seconded that a membership 
contest be conducted in 1946 on the same 
basis as in 1945, except that the two prizes 
be awarded to the winning Member Asso- 
ciations for allocation as each may choose, 
the amounts of the prizes to be $100 for 


the Member Association showing the great- 
est numerical inerease and $50 to the Mem- 
ber Association showing the greatest per- 
centage increase in membership during the 
period of the contest. The motion was 
carried with one vote dissenting. 

Past President Berry presented the bud- 
get for the fiscal year of 1946, as devel- 
oped by the Finance Advisory Committee 
and recommended by the Executive Com- 
mittee. Minor adjustments were agreed 
upon in diseussion and the following 1946 
budget was adopted by motion, seconded 
and earried: 


1946 
Receipts Budget 
Membership Dues: 

CUE Y Oe 1ct leche ora apsseselty kotor sighere $ 9,000 
WCORDOEALE® w.cssisic.ce ie ssisie sells 150 
INCE CIEER a5 cls Avs ues wes Cas eee 1,400 
Non-Member Subscriptions ...... 2,000 
AaVertismer (NEU): 6.05s:06s0% «2 5ece 13,000 

Sale of Miscellaneous Publications 
(ENG averncr etter oe ale 1,200 
W.&S.W.M.A. Contribution ..... 5,000 
Miscellaneous Income .......... 500 
$32,250 

Expenses 

Printing and Mailing of Publica- 
MOT Sarees fesctt ni cae ors ONE OO $14,300 
Executive Secretary—Salary 7,000 
INCE I SAIRTICS: ~.615545 9 s.cisseee 5,400 
OT eG WRONG igi coisi ns olers iter ciosossies 720 
OTIEG EPONSO: 2.40 5% sins sclera 1,300 
“PEAVGL BEE DENBC® «0/6 .005.2 «/s:0'5 2.0. « 1,000 
Bditorial Expense’ ....... 605.066 900 
Administration Expense ......... 300 
Committee Expense ............ 200 
Convention Expense ............ 500 
COMMNPENGIOR! -.:5.6:56)5:6:5 adh oave 75672 630 
$32,250 
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The next item of business was the ap- 
pointment of an Executive Secretary-Edi- 
tor, in accordance with Section 3 of Article 
IV of the By-Laws. It was moved, sece- 
onded and carried that W. H. Wisely be 
re-appointed as Executive Secretary-Editor 
for the fiseal years of 1946 and 1947, at a 
salary of $7,000 for the fiscal year of 1946, 
and that the Board commends the services 
of the Executive Secretary-Editor for his 
services in his current term of office. 

At this point (5:05 P.M.) President 
Hoskins declared the meeting to be in re- 
cess until 9:00 A.M., October 18, 1945. 

The meeting was called to order for re 
sumption of business at 9:10 A.M., Oc 
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SEWAGE WORKS JOURNAL 





January, 1946 


tober 18, 1945. 
roll eall. 

It was moved, seconded and earried that 
Dr. F. W. Mohlman be commended for his 
service as Advisory Editor during the past 
two years and that he be re-appointed to 
this position for the fiseal years of 1946 
and 1947, 

President Hoskins presented a tentative 
schedule of 1946 committee appointments, 
as compiled by himself and Past President 
Berry for the guidance of the Board. He 
proposed the following constitutional com- 


There were no changes in 


mittee appointments, which were approved 
hy motion, seconded and earried : 


Committec 


(President and four Directors) 


J. K. Hoskins, Chairman 


F. W. Lovett (W.&S.W.M.A.) 
F. S. Friel (Pennsylvania) 


C. C. Kennedy (California) 
C. A. Emerson (Director-at-Large) 


General Policy Committee 


(Latest living Past President 


Three of total to be operators. 


A. E. 
A. H. Niles, 1948 
(Director, Operator) 
J. H. Brooks, Jr., 1946 
(Member-at-Large, Operator) 
A. S. Bedell, 1946 
(Member-at-Large ) 


as chairman, three Members-at-Large, three Directors. 


Three-year terms) 


Berry, Chairman 


R. E. Fuhrman, 1948 
(Director, Operator) 

M. LeBosquet, Jr., 1947 
( Director) 

D. E. Bloodgood, 1947 
(Member-at-Large ) 


Publications Committee 


(Editor and at least four Members-at-Large) 
F. W. Gilereas, Chairman (New England) 


W. H. Wisely (Editor) 
F. W. Mohlman (Advisory Editor) 
Rolf Eliassen (New York) 


Carl E. Green (Pacific Northwest) 
F. M. Veatch (Rocky Mountain) 
C. C. Larson (Central States) 


Organization Committee 


(Three Members-at-Large) 


Earnest Boyce, Chairman (Michigan ) 


C. R. Compton (California) 


Sewage 


R. H. Suttie (New England) 


Works Practice Committee 


(Editor and at least four Members-at-Large ) 
Morris M. Cohn, Chairman (New York) 


W. H. Wisely (Editor) 

F. W. Mohlman (Advisory Editor) 
C. E. Keefer (Md.-Del.) 

G. P. Edwards (New York) 

H. F. Gray (California) 

J. J. Wirts (Ohio) 

J. R. Downes (New Jersey) 





A. H. Niles (Ohio) 

Langdon Pearse (Central States) 
L. W. Van Kleeck (New England) 
F. W. Gilereas (New England) 


R. F. Brown (California) 
K. V. Hill (Central States) 
D. E. Bloodgood (Central States) 














Vol. 18, No. 1 FEDERATION AFFAIRS 141 


Research Committee 
(At least four Members-at-Large appointed by Chairman, President concurring) 
Willem Rudolfs, Chairman 
President Hoskins then proposed the following special committee appointments for 
1946, which were approved by motion, seconded and carried: 


JOINT COMMITTEES 


Committee on Sewage Works Nomenclature 
C. J. Velz, Chairman (New York) 
C. A. Emerson (Honorary) C. E. Keefer (Maryland-Delaware) 
Committee on Standard Methods of Sewage Analysis 
W. D. Hatfield, Chairman (Central States) 


G. E. Symons (New York) W. S. Mahlie (Texas) 

S. E. Coburn (New England) M. Starr Nichols (Central States) 
A. J. Fischer (New York) Richard Pomeroy (California) 

G. P. Edwards (New York) C. C. Ruchhoft (Federal) 

E. W. Moore (New England) Willem Rudolfs (New Jersey ) 

D. E. Bloodgood (Central States) H. W. Gehm (New Jersey) 

FE. W. Gilereas (New England) H. Heukelekian (New Jersey) 

EK. F. Hurwitz (Central States) R. D. Hoak (Pennsylvania) 
Keeno Frasehino (California) R. F. Weston (Pennsylvania) 


T. C. Schaetzle (Ohio) 


Committee on Water and Sewage Works Development 
(Two representatives of Federation ) 
C. A. Emerson G. J. Schroepfer 


SPECIAL CONVENTION COMMITTEES 
Meeting Place Committee 

(President, Vice-President, Past President and Secretary of Federation; President, 

Chairman of Sewage Works Div. and Secretary-Manager of W.&S.W.M.A.) 

J. K. Hoskins, Chairman (President, F.S.W.A.) 
F. S. Friel (Vice Pres., F.S.W.A.) W. C. Sherwood (Pres., W.&S.W.M.A.) 
A. E. Berry (Past Pres., F.S.W.A.) F. W. Lovett (Chmn. Sew. Wks., Div., 
W.&S.W.M.A.) 
W. H. Wisely (Secretary, F.S.W.A.) A. T. Clark (Secy.-Mgr., W.&S.W.M.A.) 
Publicity and Attendance Committee 


L. H. Enslow, Chairman 


K. J. Cleary A. Prescott Folwell 
M. M. Cohn J. P. Russell 
W. S. Foster J. A. Daly 


Convention Management Committee 
(Three Federation and two W.&S.W.M.A. representatives) 
A. E. Berry, Chairman (F.S.W.A.) 


W. H. Wisely (F.S.W.A.) Arthur T. Clark (W.&S.W.M.A.) 
Stanley Shupe (F.S.W.A.) W. J. Orchard (W.&S.W.M.A.) 


OTHER SPECIAL COMMITTEES 
Awards Committee 
L. F. Warrick, Chairman (Central States) 
E. S. Chase (New England) G. M. Ridenour (Michigan) 
H. W. Streeter (Federal) 
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Operation Reports Committee 
H. E. Babbitt, Chairman (Central States) 


W. A. Allen (California) 


W. F. Shephard (Michigan) 


Finance Advisory Committee 
W. J. Orchard, Chairman 


J. K. Hoskins (President) 


A. E. Berry (Past President ) 


Industrial Wastes Committee 


F. W. Mohlman, Chairman (Honorary) 


E. Bloodgood (Central States) 


H. W. Gehm (New Jersey) 


L. F. Oeming (Michigan) 


Honorary Membership Committee 


(President and four living Past Presidents, senior Past President as chairman) 


A. S. Bedell, Chairman 


G. J. Schroepfer 
A. M. Rawn 


Mr. Cohn ealled attention to the many 
important legislative matters concerning 
Federation interests and activities that are 
currently under consideration. He moved 
that there be created a special Legislative 
Analysis Committee comprising five or 
more members appointed by the President, 
said committee to study legislation perti- 
nent to the interests of the Federation and 
to serve the Board in advisory capacity. 
The motion was seconded and carried. 

The next item of business was the se- 
lection of an auditing firm to perform the 
annual audit of Federation accounts as of 
December 31, 1945. It was moved, sec- 
onded and carried that the Finance Advis- 
ory Committee be empowered to select audi- 
tors for the above purpose. 

The following depositories for Federa- 
tion funds for the fiseal year of 1946 were 
approved : 

First National Bank of Champaign, IIl. 

Busey’s State Bank of Urbana, III. 

Continental-Illinois National Bank and 

Trust Co. of Chicago, II. 

The Executive Secretary presented the 
report of the Meeting Place Committee, in 
which it was recommended that the Nine- 
teenth Annual Meeting of the Federation 
be held at Toronto, Canada, on October 
7-9, 1946. It was pointed out that this 
recommendation was supported by the Ex- 
ecutive Committee and by the 1945 Board 
of Control, at the time action was taken 
to postpone the 1945 annual meeting. By 
motion, seconded and carried, staging of 
the Nineteenth Annual Meeting at Toronto 


A. E. Berry 
J. K. Hoskins 


was approved, the dates of October 7-9, 
1946, being tentatively approved subject to 
change, if necessary, by the Executive 
Committee. 

It was moved that the requirement of 
Associate membership in the Federation be 
waived at the Nineteenth Annual Meeting 
in the case of members in good standing of 
the Canadian Water and Sewage Equip- 
ment Manufacturers Assn. who may wish 
to participate in the exhibits at that meet- 
ing. The motion was seconded and ear- 
ried. 

The Executive Secretary presented cor- 
respondence he had received from Secre- 
tary-Manager Arthur T. Clark of the 
W.&S.W.M.A., in regard to the conduct 
of entertainment at meetings of the Fed- 
eration and of its Member Associations. 
This correspondence included a_ report 
dated May 24, 1945, of the Board of Gov- 
ernors of W.&S.W.M.A. in which the fol- 
lowing statement of policy of the Ameri- 
can Water Works Assn. was commended 
and urged as basis for a similar statement 
of policy to be adopted by the Federation 
and its Member Associations: 


“1. The registration fees at Sectional 
Meetings shall provide funds sufficient 
to cover all entertainment. Expendi- 
tures for allotments received by local 
Sections from the Association may be 
made for the Approved Uses of 
A.W.W.A. Funds allocated to local See- 
tions, as are directed by the Section 
officers. 
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“2. Registration fees at Section meet- 
ings may be uniform for all grades of 
members or may be upon a graduated 
basis designed to provide through re- 
corded channels funds to cover the re- 
quirements of Section 1, provided, that 
the maximum fee for such purposes 
shall not exceed $10.00 for any class of 
member. 

“3. Representatives of manufacturers 
who are not Associate Members of 
A.W.W.A. shall be charged a registra- 
tion fee double that charged the repre- 
sentatives of manufacturers who are As- 
sociate Members. 


“4. The Water and Sewage Works 
Manufacturers Association shall estab- 


lish its own rulings as to exhibiting at 
Section meetings, except that no firm 
or person shall be allowed to exhibit at 
any convention or Section meeting un- 


less he be an Associate Member 
of A.W.W.A.” 
It was moved, seconded and earried 


that the above statement of policy be trans- 
mitted to all Member Association secretar- 
ies, with the explanation that it applies 
only to sections of A.W.W.A. as written 
and that the Board has directed its trans- 
mittal only for the information and con- 
sideration of the Member Associations. 

The above report of the Board of Goy- 
ernors of W.&S.W.M.A. also ineluded a 
recommendation that the “Club Room” 
type of entertainment be adopted, on a 
trial basis, at all water and sewage meet- 
ings, this type of entertainment being de- 
signed to prevent and replace undesirable 
private room entertainment. The report 
included detailed rules and procedures for 
presenting such “Club Room” entertain- 
ment. It was moved that the “Club Room” 
type of entertainment be endorsed to the 
Member Associations and adopted for fu- 
ture meetings of the Federation, and that 
the Executive Secretary so advise the Sec- 
retary-Manager of W.&S.W.M.A. The 
motion was seconded and carried. 

Mr. Niles suggested that the Federation 
should present each of its retiring presi- 
dents with a suitable certificate to com- 
memorate his service in that capacity. It 
was moved, seconded and carried that the 
Executive Secretary, under the direction 
of the Executive Committee, develop a cer- 
tifieate to be presented to each Past 
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President at the Nineteenth Annual Meet- 
ing and that such a certificate be pre- 
sented to each retiring President in the 
future. 

Mr. Emerson referred to the growing 
strength and responsibilities of the Fed- 
eration and suggested that the time may 
be approaching for consideration to the 
publication of SewaGe Works JOURNAL 
on a monthly schedule. He moved that the 
Publications Committee, together with a 
representative to be appointed by the 
W.&S.W.M.A., be instructed to study 
costs, availability of material, advertising 
revenue and other data pertinent to the 
production of a monthly JourNAL, and 
that a report be made to the Executive 
Committee by May 31, 1946, for review 
and recommendation by that committee to 
the Board of Control at the 1946 annual 
meeting. The motion was seconded and 
earried. 

Mr. Schroepfer directed attention to the 
amended Spence Bill (H.R. 4070), as re- 
cently introduced into the 79th Congress. 
An earlier draft of this bill was considered 
by the 1945 Board and a resolution con- 
cerning it was distributed to members of 
the Congress early in 1945. It was moved, 
seconded and carried that the Board re- 
affirm its endorsement of the principles 
of the Spence Bill (H.R. 4070) and the 
companion measure in the Senate, and that 
the Executive Seeretary so inform the 
membership of the House Rivers and 
Harbors Committee and the Senate Com- 
merce Committee. 

Mr. Cohn suggested similar considera- 
tion of the Bailey Bill (H.R. 3972), which 
would permit an industry to charge all 
costs of construction of waste treatment 
works to current expenses instead of eapi- 
tal investment, thus making such expendi- 
tures deductible in the computation of 
taxes. He moved that the principles of 
the Bailey Bil be endorsed by the Board 
and that the Executive Secretary so advise 
the proper clearing committees of the 
House and Senate, with the explanation 
that the interest of the Federation is 
prompted by the probable favorable influ- 
ence of the legislation on the abatement of 
industrial stream pollution. The motion 
was seconded and, when the viva voce vote 
was divided, President Hoskins asked for 
a showing of hands. Results of the ballot 
were: 17 ayes; 11 nays; 5 not voting. 
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President Hoskins declared the motion ear- 
ried. 

It was moved, seconded and earried that 
the previous action of the Board in regard 
to the 1946 membership contest be recon- 
sidered. Mr. Enloe then moved that the 
prize to be offered to the Member Associa- 
tion showing the greatest percentage in- 
crease be made the same as that to be 
given to the association recording the great- 
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est numerical increase, 7.e., $100. The mo 
tion was seconded and carried. 
Adjournment of the Eighteenth Annual 
Meeting to the next annual meeting or 
upon call of the President was moved, sec- 
onded and earried at 11:35 A.M. 
(Signed) W. H. WIsEty, 
Executive Secretary 
Approved: 
(Signed) J. K. Hoskins, President 


REPORT OF EXECUTIVE SECRETARY-EDITOR 
Year Ended September 30, 1945 


This report covers a 12-month period 
which began with the war at its peak, during 
which total victory was won, and ending in 
the early stages of the reconversion to peace 
time activity. Despite the instability and 
uncertainty of these hectic times the Federa- 
tion has continued its gratifying gains of 
recent years and today enjoys the strongest 
position in its history, by every measure. 
The extraordinary current interest in sew- 
age works construction, as evidenced by 
planning estimates, foretells a period of ac- 
celerated growth and responsibility. 

PUBLICATIONS 
Sewage Works Journal 

Curtailment of Member Association meet 
ings, with consequent reduction in available 
JOURNAL material, necessitated extra effori 
in gathering contributed papers. The 1945 
volume of the JouRNAL will, however, main- 
tain the same high standard of quality and 
quantity of subject matter as those pre- 
ceding. 

Unavoidable delays in the establishment 
of our printer and in connection with the 
assembly of advertising copy made it im 
possible to effect distribution of the Jour- 
NAL on its regular schedule, but no 1945 
issue was distributed more than one week 
following the scheduled month of issue. 
Production difficulties should be eased as 
wartime obstacles disappear. Restrictions 
on paper stock have already been lifted 
and it is expected that use of the original 
60-lb. text paper will be resumed early in 
1946, replacing the 45-lb. stock used in ae- 
cordance with WPB requirements since 
March, 1944. 

Attention is directed to the effort made 
to improve the Annual Directory as con- 
tained in the March, 1945, issue. It is 


planned to follow the same general form in 
developing the directory henceforth. 

Interest in the advertising facilities 
offered by the JOURNAL continues to in- 
crease, the paid space used in the six issues 
of November, 1944, to September, 1945, in- 
clusive, aggregating 256 11/24 pages. <A 
comparison of advertising space used in 
recent years follows: 


Paid Advtg. Per Cent Increase 


Year (Pages) Over Previous Yea 
1942 183% — 
1943 20234 10.6 
1944 220% 8.6 
1945 26256 19.1 


A substantial increase was again re 
corded in paid circulation of the JouRNAL, 
this figure being 3,805 on September 30, 
1945, ineluding 3,292 member and 513 non- 
member subscriptions. The gain in paid 
circulation for the year was 8.2 per cent. 
Back Numbers 

A marked increase in the sale of single 
copies of back issues of the JOURNAL re- 
sulted from an effort to aid various tech- 
nical libraries to assemble complete files. 
A total of 381 single copies were sold dur- 
ing the year. According to the running 
inventory kept by Lancaster Press, Inc., 
about 8,900 back numbers are in ‘storage. 
Modern Sewage Disposal 

Only 22 copies of the Federation’s 
Tenth Anniversary Book “Modern Sewage 
Disposal” remain to be sold. This item 
will undoubtedly be closed out during the 
next year. 

Manuals of Practice 

A new and valuable service by the Fed- 

eration was initiated in January, 1945, by 
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distribution of Manual of Sewage Works 
Practice No. 1, “Occupational Hazards in 


the Operation of Sewage Works.” Distri- 
bution data follow: 
Total copies printed.......... he EES 7,227 


Copies distributed to Sept. 30, 1945: 
Free to members............. 3,172 
Sold to members at 25¢ rate... 540 
Sold to non-members at 50¢ rate 2,067 


Complimentary and_ replace- 
DMR Sect ee nk 8, 2 89 5,868 
Inventory, Sept. 30, 1945............. 1,359 


The first manual, an outstanding technical 
accomplishment, was a complete financial 
success by virtue of the heavy demand for 
extra copies. Gross revenue to date is 
$1,168.28, as compared to the production 
cost of $871.20. 
MEMBER ASSOCIATION ACTIVITY 
Every effort was made to co-operate with 
the officers of Member Associations in mat- 
ters of administration and development. 
The Executive Secretary visited and par- 
ticipated in the following meetings during 
the year: 


Association 


Canadian Institute 


INOW VOPR OUNGIES eis gciesaune sie oi 
MOR GHIA TOW ORG os ie ois ee ealesin ds 


Rocky Mountain S.W.A. 


Other meetings at which the Federation 
was similarly represented were the Illinois 
Sewage Works Operators Conference at 
Springfield (Nov. 29, 1944); the Purdue 
Industrial Wastes Conference at Lafayette, 
Ind. (Nov. 30, 1944); the Illinois Sewage 
Works Short Course at Urbana (March 
26-30, 1945); the Louisiana Water and 
Sewerage Conference at Baton Rouge 
(June 27-28, 1945) and the Indiana Sew- 
age Works Assn. at Indianapolis (Aug. 
17, 1945). 

At the meeting of the Louisiana Confer- 
ence listed above, plans were discussed in 
regard to the creation of a new Member 
Association of the Federation. Necessary 
constitutional revisions are now under con- 
sideration. 

MEMBERSHIP 

The Montana Sewage Works Association 

officially became a Member Association of 


the Federation on January 1, bringing the 
total of affiliated associations to 27. 
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Fears early in the year that the cancel- 
lation of many Member Association meet- 
ings would seriously curtail their member- 
ship proved entirely unfounded. All 
eredit for the satisfying increase in the 
aggregate membership in these associations 
to a new all-time high of 3,216 must go to 
the zealous efforts of the Member Associa- 
tion secretaries and their membership com- 
mittees. The above total represents a gain 
of 228 members or 7.6 per cent during the 
year ended Sept. 30, 1945. A detailed tab- 
ulation of membership is made a part of 
this report; it will be noted that only four 
Member Associations failed to equal or ex- 
ceed their membership during the year. 

In accordance with the rules of the an- 
nual membership contest (see March, 
1945, JoURNAL, p. 392), the Arizona Sew- 
age and Water Works Association and the 
Canadian Institute on Sewage and Sani- 
tation have earned the privilege of naming 
the individuals from their membership 
who shall receive the 1945 prizes. The 
prize (one $100 Series E bond or equiva- 
lent) for percentage increase in member- 
ship will be assigned by the Arizona unit, 


Place and Date of Meeting 
Pittsburgh, Oct. 12-14, 1944 
Toronto, Nov. 1-2, 1944 


Denver, Sept. 20, 1945 


the increase from 10 to 24 members repre- 
senting a gain of 140 per cent—the highest 
recorded. The Canadian Institute, by in- 
creasing its membership by 72 members 
during the contest, will assign a similar 
prize to one or more of its members. 

Membership in the Associate class also 
continues to increase. Associate Members 
now number 76 as compared to 72 on Sep- 
tember 30, 1944. 


FINANCIAL 


Each member of the Board of Control 
was furnished statements of receipts and 
disbursements as of December 31, 1944, 
March 31, 1945, and June 30, 1945, as is 
required under Section 5, Article IV of the 
By-Laws. The December 31, 1944, state- 
ment, with the balance sheet of that date, 
were taken from the annual audit, as per- 
formed by the Bresee-Warner Systems of 
Champaign. 

Financial progress of the Federation in 
recent years is shown by the following: 








146 


SEWAGE 


Date Net Worth 
December 31, 1940 .......... $ 3,075.78 
December 31, 194] .......... 7,089.54 
December 31, 1942 .......... 13,489.73 
Desember 31, 7943 .......... 21,981.73 
December 31, 1944 .......... 25,863.52 
September 30, 1945 .......... 33,778.65 

MISCELLANEOUS 


The extended all 
possible assistance to Federation eommit- 
tees in the performance of their functions. 
There having been no convention, the time 
ordinarily required for service in the econ 


Executive Secretary 


vention management committees was used 
to good advantage in the promotion of ad 
vertising, membership and sale of publica 
tions. 

Of particular satisfaction to the Execu 
tive Secretary has been the inereasing de- 
mand upon the headquarters office for 
technical service. A total of 54 technical 
inquiries were received and answered dur- 


Net Membership of Member Associations 


Total Active, Alt. Active and 


: Corporate 
Member Association 
Sept. 30, 1944 





10 





Arizona....... 
California...... 299 
Canadian Inst.. . 151 
Central States... .. 538 
Dakota:...... 41 
Federal........ 102 
Piorida.:...... 61 
Georgia...... . 53 
I.S.E. (England) . 32 
L.S.P. (England). . 97 
[oo ee 43 
Kansas...... ee 19 
Maryland-Delaware. 27 
Michigan... . 120 
Missouri....... 37 
Montana**:.... — 
New England... .. | 160 
New Jersey. . 82 
New York..... ; 488 
North Carolina. . . 58 
Ce ee 105 
Oklahoma...... 5 
Pacific Northwest. . . 100 
Pennsylvania..... : 216 
Rocky Mountain........ 71 
San. Eng. Div. (Argentina). . | 10 
RUMBA Ck 63 
Ji. 2,988 
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ing the year, and a number of gratifying 
responses have resulted. In addition, 2] 
inquiries pertaining to personnel placement 
were received and handled, with successful 
results in several cases. 
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Respectfully submitted, 
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Executive Secretary 
SUMMARY OF MEMBERSHIP 


As of September 30, 1945 
Federation Members 


Honorary . r 
Associate . 76 
Member Associations....... 27 
Active Members. 2 3,166 
Alternate Active Members. 30 
Corporate Members. . . 20 


Numerical Per Cent 




















Members* Increase Increase 
Sept. 30, 1945 1944-1945 1944-1945 

24 14 140.0 
300 1 | 0.3 
223 72 | 47.7 
563 | 25 | 4.7 
45 4 | 9.8 
98 | —4 | ao 
70 9 | 14.7 
65 12 O27 
34 2 6.3 
106 9 9.2 

43 — | - 
28 9 47.5 
29 2 | 7.4 
127 7 5.8 
41 4 | 10.8 

31 | 31 

172 | 12 | 7.5 
87 | 5 | 6.1 
493 | 5 1.0 
50 | «i | ici 
108 | 3 2.8 
10 5 100.0 
101 | 1 1.0 
216 | = =e 
61 | —10 — 
6 | —4 —— 
85 22 35.0 
3,216 | 228 7.6 








* Dual Members, 7.e., those belonging to more than one Member Association, credited only 


to “home”’ association. 
** New member association. 


Admitted to Federation in October, 1944. 
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QUALIFICATIONS OF SEWAGE TREATMENT PLANT 
OPERATORS 


Final Report of the Special Committee Authorized by the Board of Control on October 11, 
1941, Approved October 17, 1945 


COMMITTEE 


L. W. Van Kureck, Chairman 
W. A. ALLEN 
E. P. Mourror 


INTRODUCTION 


This committee has reviewed the exist- 
ing rules and regulations governing the 
certification, approval and licensing of sew- 
age plant operators in the United States in 
states where either a voluntary or compul- 
sory plan is now in effect. The plans in 
use have been drawn upon freely by the 
committee in formulating recommendations 
for national\guidance. 

In 1940 the states of Connecticut, New 
Jersey, New York and Ohio were the only 
states having required certification plans 
in effect; that is, having plans with legal 
status. A summary of these plans will be 
found under Section X of this report. 

Voluntary plans are in use in the states 
of Arizona, Arkansas, California, Georgia, 
Illinois, Michigan, North Dakota, Okla- 
homa, South Dakota, Texas, and West Vir- 
ginia. In rmany of these states the plan is 
administered by the local sewage works 
ussociation, but in a few cases the agency 
is the state department of health. A sum- 
mary of these plans may be found in the 
March, 1942, issue of Sewage Works Engi- 
neering based on data compiled by Charles 
C. Agar. 

It is generally agreed that the postwar era 
will see an expanded program of all public 
works projects, one of the most important 
of which will be the construction of new 
sewage treatment plants and the moderni- 
zation and enlargement of many existing 
plants. Large expenditures for these 
plants will be utterly wasted funds unless 
the plants are competently operated. The 
committee therefore feels that the estab- 
lishment of definite qualifications with 
legal status for plant operators is an im- 
portant part of the postwar sanitation 
program, without which the entire move- 
ment may be seriously handicapped. 


COMMITTEE STANDARDS 


If the standards as set up in this report 
seem arbitrary, the committee wishes to 


point out that anything short of a specific 
set of standards tends to “let down the 
bars” with resulting circumventing and 
waiving of the rules. The members of the 
committee, through personal contacts with 
plant operating personnel, feel that the 
standards as herewith suggested are rea- 
sonable and just to the operator and local 
community, and will meet all needs with 
minor modifications by the state supervis- 
ing agency. 
SECTIONS IN THIS REPORT 
I. General policies on certification rec- 
ommended by the committee. 
II. Advantages of certification. 

IIT. Classification of operators. 

IV. Qualifications for operators. 

V. Means for providing special training 
of operators. 

VI. Examinations for operators. 

VII. Suggestions for a “Model Law” for 
state agencies charged with enforce- 
ment of operators’ qualifications. 
A suggested application form for 
operators’ certification. 

IX. A suggested “Certificate of Qualifi- 
cation” form. 

X. An appendix giving a summary of 
regulations governing certification 
or licensing of sewage plant opera- 
tors in Connecticut, New Jersey, 
New York and Ohio. 


SECTION I 
GENERAL POLICIES ON CERTIFI- 


CATION RECOMMENDED BY 
THIS COMMITTEE 


1. Passing on the qualifications of sew- 
age treatment plant operators should be 
vested primarily in the state agency having 
supervision of plant operation. The per- 
sonnel of the supervising agency might 
well be augmented by a leading educator 
in sanitary or civil engineering within the 
state and by a recognized leader in sewage 
treatment operation in the state, prefer- 
ably a superintendent of a sewage plant 
chosen by majority vote of the existing 
operators in the state. 

2. State regulations on qualifications of 
plant operators should be compulsory— 
not voluntary. 


VIII. 
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3. Operators should be certified or li- 
eensed. Certification or licensing should 
continue in effect as long as the person 
certified is rendering satisfactory service 
as an operator, or as long as the certifying 
agency is satisfied that such person is en- 
titled to certification; certification, how- 
ever, should be issued subject to cancella- 
tion by the certifying agency for just cause 
after a hearing. 

4. Certain chief operators and chemists, 
as well as superintendents, should be sub- 
ject to classification and approval of 
qualifications as set forth in Section IIT of 
this report. 

5. The best classification for operators 
requires at ieast three classes, with labora- 
tory technicians making another. 

6. Where short school or university train- 
ing courses are not available to unqualified 
operators, provision should be made for 
temporary waiving of the “special train- 
ing” requirements of the recommended 
regulations. Following home study or 
other special training arrangements, such 
operators should be subject to a written 
or oral examination, or both, to be held at 
least yearly. 

SECTION II 
ADVANTAGES OF CERTIFICATION 


Certification of operators is advantage- 
ous to the public, to local officials, the state 
supervising agency, and the operator. 

The publie should and usually will sup- 
port a sound certification plan for opera- 
tors as a good business proposition to pro- 
tect the community’s investment and to se- 
cure the best operating results possible 
from the plant. 

Local officials should support certifiea- 
tion by the state since the standards set up 
are a desirable guide to the appointing au- 
thorities. Political pressure for turnovers 
in operating personnel with changes in ad- 
ministration can be circumvented because 
of state requirements. This means _ that 
trained men remain at the plant, resulting 
in better operation at lower cost to the 
municipality. Local officials can likewise 
anticipate a higher class of men to be at- 
tracted to enter and remain in the field. 

From the state standpoint, certification 
of operators means improvement in op- 
eration as well as better public health 
protection, and facilitates state control of 
treatment plants. State supervision of 
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operation is also simplified since qualified 
operators once trained are generally re 
tained by municipalities and there is, there- 
fore, much time saved in training new 
men and in supervising plants upset by 
personnel changes. 

The operator has much to gain under 
certification or licensing. Under certifica- 
tion operators receive a professional rating, 
and improvements in status, resulting in 
evitably in better salaries. Plant opera 
tion is taken out of the category of po 
litical appointments, and tenure of office 
by the alert and progressive operator is 
generally assured. 

Where an effective and well managed 
system of civil service is in operation or 
ean be instituted, the committee recognizes 
the value and advantages of the same and 
would not discourage regulation of opera 
tor qualifications through civil service pro 
cedures. If such civil service system is 
well managed and effective, however, it 
will provide proper co-ordination betwee 
civil service and the agency administering 
the certification system as recommended 
herein to the end that operator qualifica 
tions established through civil service will 
be the same or equal to those recommended 
in this report. Such co-ordination exists, 
for example, in New York between the 
State Civil Service Commission and_ the 
State Department of Health. Under ex 
isting laws the State Civil Service Com 
mission administers civil service in most 
of the municipalities of the state and the 
State Health Department has received ex- 
cellent co-operation in having the require- 
ments of the State Sanitary Code relating 
to operators incorporated in the require 
ments for operator positions as estab 
lished under civil service procedures. Civil 
service, if honestly and intelligently ad- 
ministered, through the eneouragement 
given to the establishment of adequate sal 
ary scales and retirement arrangements, 
offers some advantages which a simple cer- 
tification system does not afford. Civil 
service should not, however, be regarded as 
a substitute for but rather as an adjunet 
to a certification system. 

The distinction between certification and 
licensing may appear to be finely drawn, 
yet it is none the less important. Licen- 
sing in the true sense requires an official 
listing of available personnel from which 
communities within a state must pick a 
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candidate. The certification method in- 
volves approval of local men and permits 
home rule. Charles C. Agar * in a paper 
entitled “Licensing of Sewage Plant Opera- 
tors,” presented before the Federation on 
October 4, 1940, stated in this connection: 


“Even though so-called political expendi- 
ency may enter into the appointment of 
sewage plant operators, the state should 
not use this as a principal argument for 
compulsory licensing and control of the 
hiring and firing of municipal employees. 
Centralization of authority is, of course, 
a trend of the times, but this writer feels 
that the principle of home rule, with only 
sufficient restraint or guidance by the state 
to assure a reasonable measure or standard 
for an appointment, is for the best interests 
of the municipality and the state. 

“A plant, in order to operate effectively, 
must not only have a competent operator, 
but also must be supplied with the where- 
withal to accomplish satisfactory results. 
This means that an operator must be able 
to work with and secure from the munici- 
pal authorities what is needed. His rela- 
tions, therefore, in order to be successful 


must be in harmony with the local admin-. 


istration. It is conceivable, therefore, that 
with the operator responsible primarily to 
the state under a statutory license plan, 
relations between the operator and the 
municipality might at times become 
strained, resulting in defeat of the prin- 
cipal object of the licensing; namely, bet- 
terment of plant operation.” 


Warren J. Scott in discussing a paper 
on “Administration of New York State 
Requirements Relative to Qualifications of 
Sewage Treatment Plant Operators” by A. 
I’, Dappert,t has said along the same lines: 


“Neither the New York law nor the Con- 
necticut law definitely guarantees tenure of 
office for sewage plant operators. How- 
ever, as already mentioned, the fact that 
replacements must be made from the 
ranks of qualified men tends to promote a 
degree of civil service. The fact must not 
be lost sight of, that while the state has a 


* «‘Vicensing of Sewage Plant Operators,’’ 


Charles C. Agar, S. W. J., 13, 1, 89 (Jan., 
1941). 

t ‘*Administration of New York State Re- 
quirement Relative to Qualifications of Sew- 
age Treatment Plant Operators,’’ A. F. Dap- 
pert, S. W. J., 10, 6, 988 (Nov., 1938). 
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very definite interest in seeing that plant 
operating results are satisfactory, the plant 
is municipally owned and it: is absolutely 
necessary that there be co-operation be- 
tween the sewage plant operator and the 
municipal government. The most quali- 
fied operator in the world cannot do a first- 
class job in the face of constant lack of co- 
operation by the municipal finance body 
and other municipal agencies.” 


SECTION III 


CLASSIFICATION OF OPERATORS 

The term “operator” shall apply to any 
person having active field supervision of a 
sewage treatment plant. It shall not ap- 
ply to a city engineer, public works super- 
intendent or other similar official who 
exercises only general supervision. Classes 
for superintendents, based on the size and 
type of sewage treatment plant to be oper- 
ated, are recommended. 

Chief operators in responsible charge of 
scheduled shifts at all plants having 24- 
hour operating supervision, or at all plants 
serving more than 50,000 population or 
equivalent sewage flow, should at least pos- 
sess qualifications for the class below that 
of the superintendent under whom they 
serve. 

Chief chemists at plants serving more 
than 50,000 population, or equivalent sew- 
age flow, or at any plant employing acti- 
vated sludge or chemical precipitation of 
sewage should be approved as such. Ap- 
plicants for such a position should pos- 
sess a college degree in engineering or 
chemistry, which has included acceptable 
courses in sanitary science, or other satis- 
factory educational and practical experi- 
ence. 

Plants should be classed according to 
population served, or sewage flow handled, 
and type of plant. 

The following is suggested as a method 
of classification on the basis of population 
(or equivalent sewage flow) and type of 
plant. 

Class A Plants 


1. Plants serving more than 50,000 popu- 
lation. 

. Plants serving 20,000 to 50,000 popu- 
lation, employing activated sludge, 
separate sludge digestion with gas col- 
lection, biological oxidation, chemical 
precipitation or mechanical dewater- 


Lo 








150 SEWAGE WORKS JOURNAL 


ing and incineration of sludge, or 
other highly mechanized or special- 
ized methods of sewage treatment. 


Class B Plants 

1. Plants serving 20,000 to 50,000 popu- 
lation, not designated as Class A. 

2. Plants serving 10,000 to 20,000 em- 
ploying secondary treatment other 
than sand filters, separate sludge di- 
gestion with gas collection and burn- 
ing, chemical precipitation, mechani- 
cal dewatering or incineration of 
sludge. 

3. Plants serving less than 10,000, em- 
ploying the activated sludge process, 
chemical precipitation, separate sludge 
digestion with gas collection, or 
mechanical dewatering with incinera- 
tion of sludge. 


Class C Plants 
1. Plants serving less than 20,000, not 
designated as Class B. 


SECTION IV 


QUALIFICATIONS FOR 
OPERATORS 


In addition to the requirements below 
for the specific classes, all operators of 
sewage treatment plants should possess a 
sufficient degree of application, initiative 
and judgment so as to enable them in prac- 
tice to secure satisfactory plant operating 
results. Operators should be sufficiently 
familiar with the end to be accomplished 
in plant processes so as to recognize faulty 
operating conditions and, where such con- 
ditions exist, to overcome them if practic- 
able. Ability and experience in handling 
men is frequently as important as special- 
ized knowledge, and for this reason, an 
operator’s experience qualifications should 
be given careful review and heavy weight. 


Class A 

General: All applicants shall be in good 
physical condition, read and write the Eng- 
lish language, submit satisfactory evidence 
of at least two years of responsible ad- 
ministrative experience in sewage treat- 
ment works operation or an acceptable 
industrial field and pass a written exami- 
nation to be given within one year of pro- 
visional approval by the state supervising 
agency, and 

1. Possess a college degree in sanitary, 
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chemical, civil or mechanical engineer 
ing; or 
. Possess a college degree in engineer 
ing or chemistry which has included 
acceptable courses in sanitary science; 
or 
3. Be a high school graduate possessing 
special mechanical experience, with a 
minimum of five years responsible ad- 
ministrative experience in sewage 
treatment works operation or in an 
acceptable industrial field (instead of 
the two years minimum required under 
“General”) and who completes within 
one year a special course of training 
(short school or university extension 
course) or other home training course 


bo 


approved by the state supervising 
agency, or 

4, Submit any combination of eduea 
tion, training and experience which in 
the opinion of the state supervising 
ageney is the equivalent of the above 
qualifications. 

Class B 

General: All applicants shall be in good 
physical condition, read and write the Eng 
lish language, submit satisfactory evidence 
of at least one year of responsible admin- 
istrative experience in sewage treatment 
works operation or an acceptable industrial 
field, pass a written or oral examination to 
be given within one year of provisional ap 
proval by the state supervising agency, 
and, 

1. Be a high school graduate possessing 
acceptable mechanical or chemical ex- 
perience, and complete within one 
year a special course of training 
[see Class A, (3)] approved by the 
state supervising agency, or 

2. Submit any combination of education, 
training and experience which in the 
opinion of the state supervising 
agency is the equivalent of the above 
qualifications. 

Class C 
General: All applicants shall be in good 
physical condition, read and write the 
English language, pass an oral examina- 
tion given by the state supervising agency 
and, 

1. Be a grammar school graduate and 
possess acceptable experience for the 
work required. 
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In all classes, the reviewing authority 
may in specifie eases accept the qualifica- 
tions of an applicant without examination 
when it is satisfied that such examination 
is unnecessary. 

Operators should be permitted to apply 
for, and be granted on request, certifica- 
tion by the supervising agency for a class 
higher than required for the plant being 
operated. In this way Class B or C op- 
erators may improve their status and be- 
come qualified to operate plants requir- 
ing a more advanced operator. Appli- 
cants initially possessing the required 
qualifications should also be granted, on 
request, a class higher than that required 
for the plant to be operated. 


SECTION V 


MEANS FOR PROVIDING SPECIAL 
TRAINING OF OPERATORS 


The requirement of special training for 
Grades A and B operators brings up the 
question of how such training can best be 
provided. The committee reviews, below 
the facilities which are now available, to- 
vether with suggestions for the future. 

In some states, for example, New York 
and New Jersey, special short course 
schools, lasting one to three weeks are 
sponsored by the state department of 
health. These schools, in some cases open 
to out-of-state residents, offer studies 
leading to qualifications for operating dif- 
ferent types of plants. Operators may 
frequently improve their status and quali- 
fications by attendance at subsequent ses- 
sions. Such training is generally offered 
onee or twice yearly. 

The committee recommends that more 
short-time courses be made available to 
operators in the various states, lasting 
from one to five days. This enables the 
small plant operator to get away for a 
limited period and provides a study course 
that can be adequately retained by the 
operator. 

Another means of training operators is 
at colleges and universities offering special 
courses for either limited periods or at 
night. Such training has, for example, 
been available at New York University. 
The nature and coverage of the course 
would determine the type of plant for 
which the graduate might be qualified. 

In some states having sufficient sanitary 
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engineering personnel, operators tenta- 
tively approved on their past industrial 
experience and basic education can be 
trained by such personnel in the funda- 
mentals of sewage treatment practice, at 
least for their own plants, together with 
oceasional informal conferences called by 
the state supervising agency for instruc- 
tion in the theory of sewage treatment and 
in laboratory procedures. Passage of an 
examination within one year of tentative 
approval would be evidence that the oper- 
ator had acquired the necessary fundamen- 
tals. 

Technical supervision of plant opera- 
tion as well as the training of new opera- 
tors can sometimes be secured by arrange- 
ments with experienced personnel at the 
larger sewage treatment plants. Under 
some conditions laboratory training can 
also be obtained in this manner. 

In many communities, especially the 
larger, consulting sanitary engineers, state 
sanitary engineers, teachers and other 
qualified persons are sometimes available 
for private tutoring or consultation. Some 
home study courses in sewage treatment 
operation are also available from mail 
training schools. The contents of such 
courses should be approved by the state 
supervising agency before being under- 
taken as a training course. There is a 
way for the ambitious and determined man. 

Not the least of the available means for 
providing special training for operators 
are the books and manuals which have been 
published. The data in various published 
material might well serve as a special home 
course of study. Following is a list of 
some of these publications that are espe- 
cially suitable: 


List for New Operators 


1. “Sewage Plant Operation,” published 
by Sewage Works Engineering, 24 
West 40th Street, New York City. 

2. “The Operation of Sewage Treatment 
Plants,” published by Public Works, 
310 East 45th Street, New York City. 

3. Pamphlet on “Operation and Con- 
trol of Sewage Treatment Plants,” 
New York State Department of 
Health, Bureau of Sanitary Engineer- 
ing, Albany, New York. 

4. A Laboratory Manual for “The Chem- 
ical Analysis of Water and Sewage,” 
by Theroux, Eldridge and Mallmann. 
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McGraw-Hill Book Company, Ine., 
New York City. 

5. “Principles of Sewage Treatment,” 
by Dr. Willem Rudolfs, National Lime 
Association, Washington, D. C. 

6. “Questions and Answers on Sewage 
Plant Operation,” Vols. I and II. 
Sewage Works Engineering, 24 West 
40th Street, New York City. 

7. “Laboratory Control of Sewage 
Treatment Plants.” Sewage Works 
Engineering, 24 West 40th Street, 
New York City. 

8. Annual Reference and Data Issue, 
Water Works and Sewerage, 155 E. 
44th St., New York City. 

List for More Advanced Study 

1. “American Sewerage Practice,” Vol. 
3, “Sewage Treatment” (1935), by 
Metealf and Eddy. McGraw-Hill 
Book Company, Ine., 310 Seventh 
Avenue, New York City. 

2. “Sewage Treatment” by Karl Imhoff 
and Gordon M. Fair. John Wiley 
and Sons, Ine., New York City. 

3. “Standard Methods for the Examina- 
tion of Water and Sewage,” published 
by American Public Health Associa- 
tion. 

4. “Sewage Treatment Works,” by C. E. 
Keefer. McGraw-Hill Book Com- 
pany, Inc., New York City. 

. “Industrial Waste Treatment Prac- 
tice,’ by E. F. Eldridge. MeGraw- 
Hill Book Company, Inc., New York 
City. 


The committee feels that the “Manuals 
of Sewage Works Practice” being prepared 
by the Federation’s Committee on Sewage 
Works Practice will be excellent study and 
reference books for new operators and 
recommends their use for this purpose. 


oO 


SECTION VI 
EXAMINATIONS FOR OPERATORS 


Whenever the supervising agency deems 
an examination necessary for approval of 
plant operation, as will be true in the ma- 
jority of cases, the following specifications 
and procedures are suggested. 

Examinations should be held at least 
yearly at places designated by the state 
agency and all operators tentatively ap- 
proved on their basic education and ex- 
perience should be required to take this 
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examination for final approval of their 
qualifications. Operators having less than 
one year’s experience in sewage treatment 
may have such examination postponed 
upon request. 

Operators failing to pass the examina- 
tion should be entitled to re-examination, 
preferably within six months. 

The committee believes that these exami- 
nations should be straightforward, that the 
questions should require only brief answers 
and that the subject matter should pertain 
specifically to sewage works operation ani 
the fundamental theories of treatment. 

We further believe that operators should 
be advised in advance of the character ot 
the material to be covered in the examina 
tion for their grade. The purpose of an 
examination should be to determine in 
fair manner whether an operator has ac 
quired the necessary fundamental know! 
edge required to operate his plant. Ii 
should also measure, where required, an 
operator’s mechanical aptitude and man 
ual dexterity. Much confusion and un 
necessary worry can be avoided by inform 
ing operators of the character of the sub 
ject matter upon which they will be ex 
amined. 

The following general guide is suggested 
for the guidance of state supervising 
agencies: 


Class A Operators 


1. A knowledge of the purpose, operat 
ing details and common difficulties ot 
all standard designs of sewage treat 
ment units, such as grit chambers, 
sereens, comminutors, settling tanks, 
digestion tanks, sludge drying equip- 
ment, gas utilization facilities, chlori- 
nators, chemical feeding apparatus, 
pumps, ete. 

2. A knowledge of all the standard lab- 
oratory tests in use for determining 
sewage solids removal; sludge quality ; 
nitrogen; moisture and solids content 
of screenings, sludge cake, grit; pro 
cedures for B.O.D. tests, chlorine 
residual tests, gas analyses and bac- 
teriological analyses, and ability to 
interpret the results of such tests. 


Class B Operators 


1. See (1) under Class A. Questions 
should permit a choice, so that the 
operator in this class may answer 
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and be graded on those devices in use 
at his plant. 

2. Only the simpler laboratory control 
tests should be required, including pH, 
chlorine residual tests (if chlorination 
is being practiced), settleable solids, 
relative stability test and total and 
volatile solids. 


bo 


Class C Operators 


1. See (1) under Class B. 

2. Knowledge of laboratory tests should 
be limited to those required for con- 
trol of a plant which a Class C opera- 
tor is qualified to operate. Examina- 
tions in this grade being oral, they 
should be conducted on as informal a 
basis as possible. 


SECTION VII 


SUGGESTIONS FOR A “MODEL 
LAW” FOR STATE AGENCIES 
CHARGED WITH ENFORCE- 
MENT OF OPERATORS’ 
QUALIFICATIONS 


ENFORCEMENT OF OPERATORS’ 
QUALIFICATIONS 
The essential provisions to be incorpo- 
rated in such a law should include: 
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. All public institutions, cities, towns, 


boroughs, counties or other municipal 
districts or subdivisions, or any per- 
son, firm, institution or corporation 
operating a sewage treatment plant 
should be subject to the regulations. 


. A statement that such treatment works 


shall be under the supervision of 
trained individuals whose qualifica- 
tions to perform the duties required 
shall have been approved by the de- 
partment. Penalties for non-con- 
formity should be included. 


. The agency should have the authority 


to classify sewage treatment plants 
according to their type and the popu- 
lation served, or the type and flow ea- 
pacity; to classify the operators in 
charge of such plants according to 
the skill, knowledge, experience, and 
character necessary for them to oper- 
ate such plants successfully; and to 
adopt rules and regulations for the 
classification of such plants and the 
approval of their operators, and to 
make provision for the issue of “cer- 
tificates of qualification” for approved 
operators in the classes indicated by 
their qualifications. 


SECTION VIII 


A SUGGESTED APPLICATION FORM FOR OPERATORS’ CERTIFICATION 


(Data to be submitted by persons desiring to qualify as sewage treatment plant operators) 


Location at which you are applying for position 


PU EEENG OE cJOUATIL SO WAROR sat are s51-0/6re'ter01) af 3c) a-01-~ 1.0100 Sorts dtcgusl'v aa Gar s\@iseiteseya. "8's cou an) Sa tates ac eltan ea sl Sheuanopereret 

EYP AN RN PUENS is Tats fain Zee tao v 0s) 61a eer a aS Mes fons o wp ss oi SSN Coa SR Glin te cond bce eM on a 

MEER RAMSES <5 ipsa age Mora sel saya mys excee eae eSNG Neo aie edi ia oneal Nanshceloc Su alice. ca aanallassiel odene Late eel eee 
(street and town) 

EPRUG SOLO INDE 2 ioiordiokaie cee SR eR miele aie PEROOUO Ld OEMUD: 15.2:2,0.4.00uivcceressie eel cies one caer 

EE ee sie Wt RIS OOOO STG" VOURCOLOr UNIT ors secede airs nee 

Do you suffer from any chronic ailment or do you have any physical impairment? ...... 


iL a Oa: (2) 2) | a ee ee a ee aera are oe ee ee IRA A ray ree cc 
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Experience during the past 10 years, listing present position first: 


Dates of Name and Address of Tupe of 
Employment Employer Wages Work From To Total Years 


If any of the above positions were with reference to operation of a sewage treatment 
SIITCMMEMEETRRUDUD MIVAECH. fo 51 0:60: ois'5 dia 6 ve 10s ole oo Sie.2 Gis Sw We wees wie TROON Oe ee 


Are you in your opinion qualified to carry out repairs on mechanical equipment? ..... 
EDUCATION 
Circle the last grade Cityand Didyou Give date of leaving 
completed State Graduate? or graduation 


asap rOOMMON BONNO) 1 240 G1 SB .. ok bss kaise ents covet cles ce ews bsinseevae- 
[pr asaet annior mien schoo! (if any) 78 9 ...... cnc cc cece een sede tadseoevvesecs 
(3) Popp Se USOC C8 UW Cig tae fs ee: Sa 
CA OOS Te icyr 6 ges Bis ee: Bi «ey al 
a ORION. MTONININ SRURIMNID G0 onc 55s a5 ovina) icv aie Geis Sade ee ES WSS eo ON IDESSW vasiowS ss, 


(f) Give any other education or training you had: business college, correspondence 


EES Rp Oy sp S05 ot set SAP eae aes en eae nara a CA 
stave wou ever Buudied seware chemistry? ........0.6.000 ccs sees cee caencwsecuesecce 
LE OO UNEP S355 55) 5 eee one eI eeaa a 
Have you ever studied sanitary, mechanical, civil or electrical engineering? ............ 
RE MESED SMO ERNEEES MO TEETAD BANNAN IVAREIO Gs oo 5) 0)'s 50° 4's: olrn.s a ois’ Aire) els vaiwiwi Rs dis rosUsiis aaa 2S giele-ayel da 
Have you ever carried out any laboratory tests? ........ If so, have you had laboratory 
PRINS <n ose Where and what kind of training? ................cceeeeee: 


Give reference to three of your previous employers : 
RIMS Pe roo eo Solin bad ad Sice sini bane! o's PUUNGSHOS? tex ae sdh a Weise sees oeeewdicds 


Signed 
Please give any additional data on separate sheet, or on back page, particularly with 
regard to training and experience. ; 
SECTION IX 
A SUGGESTED “CERTIFICATE OF QUALIFICATION” FORM 
DS SS ose aera ee ae eae eee MOP ABR OM ar nayeuinirud ea set asona aac 
CERTIFICATE OF SEWAGE TREATMENT 


PLANT OPERATOR 


eat mnown that .............0 cn oeakiokeaeey having submitted acceptable evidence 
of his qualifications by education, training, and experience, and having passed the re- 
quired examination, is hereby granted this Class ...... certificate as Sewage Treatment 
Plant Operator. 
(SEAL) Commissioner of Health 
Director, Bureau of Sanitary Engineering 











— 
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| tification plan. 


SECTION X 
' ‘SUMMARY OF StaTE SEwAGE PLANT OPERATORS’ CERTIFICATION AND 
LicensING PLans Havine Leaat Sratus 
Sr Pe ee 
State | Date | Be | Bere | | fethon Pe am Yj —- General Features 
| | Clause? | tering omens : 
Con- 1933 | ie Yes | Yes | State | None| Usually | Regulations require an operator 
i necticut Dept. none; for plants serving 1000 or more 
of oral persons, or lesser numbers when 
| Health may be | necessary in department’s opin- 
given ion. Operators must submit evi- 
| | dence satisfactory to department 
| | that they are qualified to operate 
| a specific plant. A certification 
| plan. 
New 1919 |lyear| Yes | Yes | State 8 | Written | Regulations set up various com- 
Jersey | Dept. and oral | binations of training and experi- 
| of | ence for operators of plants of 
| Health | different types and connected 
| | sewage flows. Operators can 
i qualify on basis of sufficient ex- 
| perience without special training. 
| Yearly license fee of $5.00 
| charged operators. A licensing 
| Plan. 
New 1937 | None | Yes | Yes | State tT o3) 3 ae by | Combinations of training and ex- 
York | “i | agency | perience set up for operators of 
of | (1) plants of different types and 
| — connected population. Experi- 
i ence alone can not qualify oper- 
| | | ators for certification, thus dif- 
i | | fering from New Jersey require- 
| | | | | ments. A certification plan. 
| Ohio + | 1937 | None} Yes | Yes | State | 4 | Oral Grade required is specified for 
| | Dept. | | and/or | particular plant. Combinations 
of | written | of training and experience qual- 
| Health | | ify operators for grades. A cer- 
| 





* All states have printed regulations available. 

(1) If educational and experience requirements are met for the grade requested, no examina- 
tions are required, but applicants lacking these may take approved special courses through the 
Municipal Training Institute, at which passage of an examination is a requisite for successful 
completion of the course. 

+ Provisional approvals in effect during war emergency. 


REPORT OF SEWAGE WORKS PRACTICE COMMITTEE 
September 15, 1945 


Herewith is presented the report of the pressing the indebtedness of the Federa- 
activities of the Sewage Works Practice tion to those members of the committee 
Committee for the past year. It will serve who have been engaged in the preparation 
the dual purpose of placing on record the of manuals of sewage works practice. 
accomplishments of the committee, and ex- The primary work of the committee was 
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the continuation of work on manuals which 
were in progress at the time of the last 
annual meeting, and to initiate work on 
additional manuals covering pertinent 
phases of sewage works practice. 


MANUAL ON EMERGENCY AND 
DISASTER PRACTICES 


At the meeting of the Board of Control 
in October, 1944, the Sewage Works Prac 
tice Committee was requested to explore 
the desirability of preparing a Manual on 
“Sanitation Practices in Times of Emer- 
gency or Disaster.” As a result of a poll 
of the committee, and repeated corre- 
spondence, it appeared that there was 
grave doubt whether the committee should 
handle such an assignment, since it was a 
task which might well be handled through 
joint action of a number of technical or- 
ganizations. This decision was transmitted 
to the Secretary and President and the 
committee was instructed to discontinue 
action on this matter. 


MANUAL ON OCCUPATIONAL 
HAZARDS 


During the year the committee’s first 
manual of practice, “Occupational Hazards 
in the’ Operation of Sewage Works,” under 
the chairmanship of L. W. Van Kleeck, 
was completed, published and distributed. 
This manual has met with complete acclaim 
and has reached the distribution of nearly 
6,000. It symbolizes the services which the 
Federation ean render in standardizing 
practice and points the way towards bet- 
ter public health services through the con- 
trol of sewage works. Full eredit should 
be given to this sub-committee for its 
initiatory action. 


MANUAL ON SLUDGE FERTILIZER 


The manual “Utilization of 
Sludge as Fertilizer” has been under pro- 
duction for some time. Preliminary work 
was done under the chairmanship of A. H. 
Niles and, during the course of the year, 
the task of revising, editing and collating 
this important manual was accomplished 
by Langdon Pearse. Mr. Pearse has de- 
voted himself untiringly to this time-con- 
suming task and the first draft of the 
manual is completed and is now being 
processed through the personnel of the 
various committees responsible for its ap- 
proval for publication. Considerable work 


Sewage 
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must be done to make this voluminous doc- 
ument a valuable, practical tool in the 
hands of sewage works men, but Manual 
No. 2 should soon be ready for publication 
and distribution. This will mark another 
milepost of service of the Federation to the 
profession. 


MANUAL ON SEWAGE 
CHLORINATION 


During the year, work was started on the 
preparation of the manual “The Use of 
Chlorine in Sewage Treatment,” under the 
chairmanship of F. W. Gilereas. Work 
is progressing favorably on this manual 
and its completion is assured during the 
coming year. The publication of this ma- 
terial will serve as a valuable guide in the 
use of chlorine for the control and improve- 
ment of various phases of sewer system 
and sewage treatment plant operation. 


MANUAL ON TRICKLING FILTERS 


Work has been initiated on the manual 
“Trickling Filters—Their Characteristics 
and Loadings,” under the chairmanship of 
Kenneth V. Hill. The publication of this 
work will be a contribution to the fund of 
knowledge on the behavior of various types 
of coarse-grained filters, under varying con- 
ditions of loading, distribution, design 
characteristies, ete. 


MANUAL ON REPORTING RESULTS 


At the last Board of Control meeting, 
decision was made to designate a Sub- 
Committee on Standardization of Report- 
ing Units for the purpose of arriving at 
sensible standard units of measure in de- 
termining the efficiencies and loadings in 
sewage treatment units. Work on this new 
manual is underway, under the chairman- 
ship of Dr. Willem Rudolfs. This search- 
ing study will serve to clarify a trouble- 
some and disconcerting problem. 


MANUAL ON SEWAGE AERATION 


Progress on the manual “Aeration of 
Sewage” has been impeded, due to the im- 
pact of the war on several sub-committee 
members. However, the group, under the 
chairmanship of John J. Wirts, has con- 
tinued its discussions and, with the cessa- 
tion of the global conflict, work on this 
manual should be resumed. It is hoped 
the publication of this material can be 
scheduled in about a year. 





pl 


ye 








Vol. 18, No. 1 


MANUAL ON SEWER 
MAINTENANCE 


The manual “Maintenance of Sewers and 
Sewer Appurtenances” has been under 
preparation for some time. During the 
year, John H. Brooks, Jr., found it nec- 
essary to relinquish the chairmanship of 
this sub-committee and Reuben F. Brown 
has aecepted the assignment to head the 
work. It is hoped that this work will be 
completed and ready for publication and 
distribution during the coming year. 


MODEL SEWER ORDINANCE 


The Federation has received numerous 
requests from municipalities for guidance 
in the control and operation of sewer sys- 
tems. It appears that there is serious need 
for a so-called standard or model ordinance 
regulating the nature of the material re- 
ceivable into the sewer system and setting 
forth methods of control. Don KE. Blood- 
good has accepted the chairmanship of this 
sub-committee and it is hoped that this 
valuable guide can be prepared and pub- 
lished within the coming year. 


SPECIAL MANUAL 


When the Glossary of Water and Sew- 
age Control Engineering is completed, 
through the joint efforts of committees 
representing the Federation and other or- 
ganizations, it will be cleared through the 
Sewage Works Practice Committee before 
publication. The Executive Secretary and 
the Chairman of the Sewage Works Prac- 
tice Committee have reached an agreement 
on the method by which this Glossary will 
be presented as a special Manual of Prac- 
tice of the Federation. 
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FUTURE WORK 


Now that the war is over and the coming 
year will see a stabilization of sewage 
works personnel throughout the country, 
it will be possible to initiate work on a 
number of other sewage works practice 
topics, in order that there may be an un- 
broken program of study and manual 
preparation underway. Among the topics 
suggested are: Vacuum Filtration; Grit 
and Sereenings—Their Handling and Dis- 
posal; Laboratory Design; Sludge Inein- 
eration; Grease and Oil Handling; Sedi- 
mentation; Odor Control; Dual Disposal 
of Sewage and Garbage; and Cross Con- 
nections in Sewage Works. 

The Sewage Works Practice Committee 
invites suggestions on personnel to handle 
these assignments, as well as suggestions 
on other manual subjects. 

The unstinting co-operation of all mem- 
bers of the committee, and of the Execu- 
tive Secretary is acknowledged by the 
Chairman. 

Respectfully submitted, 
Morris M. Coun, Chairman 
JoHN H. Brooks, Jr. 
REUBEN Brown 
JoHN R. Downs 
G. P. Epwarps 
F. W. GILcrEAs 
Haroup F. Gray 
KENNETH V. HILL 
C. E. KEEFER 
F. W. MoHLMAN 
A. H. NILES 
LANGDON PEARSE 
WILLEM RUDOLFS 
L. W. Van KLEECK 
J. J. Wirts 
W. H. WISELY 


REPORT OF THE COMMITTEE ON OPERATION REPORTS 
October, 1945 


In accordance with the action of the 
Board of Control in accepting the 1944 
Report of the Committee on Operation 
Reports as a satisfactory statement of 
progress, the committee has reviewed and 
supplemented its previous recommenda- 
tions. In approaching its functions, the 
committee has given cognizance to the de- 
sire of the Board that the final report in- 


elude recommendations for the complete 
mechanics of an Operation Reports Award. 

The recommendations of the committee 
follow: 


1. That an annual award be made by the 
Federation of Sewage Works Associa- 
tions for the outstanding sewage works 
operation report of the previous year. 
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The annual Operation Reports Award 
shall be designated as the Wiuiiam D. 
HATFIELD AWARD. 


2. Each Member Association of the Fed- 
eration shall be eligible to submit one 
entry for the Wriii1am D. HATFIELD 
Awarp. Such entry shall be selected by 
a duly authorized committee of the 
Member Association from among all of 
the reports submitted by members of 
that association. 


3. The Secretary of each Member Asso- 
ciation shall submit to the Executive 
Secretary of the Federation, on or be- 
fore June 30 of each year, five copies of 
the operation report which has been 
selected as the entry of the Member As- 
sociation. Four copies of each report 
thus entered for the award shall be 
transmitted by the Executive Secretary 
of the Federation to the Chairman of the 
Committee on Operation Reports on or 
before July 1 of each year. 


4. The Committee on Operation Reports 
shall judge the reports entered by each 
Member Association and shall submit its 
report, together with the name of the 
award winner, to the Executive Secre- 
tary of the Federation on or before 
September 15 of the year in which the 
award is to be made. Entries will be 
judged in general compliance with the 
following rating schedule: 

Maximum 

Item Points 


(a) General arrangement and 


LOVEE SSS Soon Se acannon aes 25 
(b) Description of facilities.... 5 
(ec) Text and tabular coverage 

of operation procedures, un- 

usual problems, maintenance 

iy Pe 25 
(d) Presentation and adequacy 

of analytical data ........ 25 
(e) Presentation and adequacy 

ENOL ORME 2\0.39.2 soi iwinis eels 10 
(t) Presentation and competence 

of findings and recommenda- 

. PRIS RE oho ais s/s auedioessare:s 10 
100 


5. If, in the opinion of the Committee 
on Operation Reports, no entry is re- 
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ceived that is worthy of an award, no 
award shall be made in that year. No 
report shall be deemed worthy of the 
award unless a grade of 75 or higher is 
earned through application of the above 
rating schedule. 


6. The WiuuiAmM D. Hatrietp Awari 
shall be in the form of a suitable certifi 
ate worded as follows and inscribed with: 
the signatures of the President and Exec 
utive Secretary of the Federation: 


The 
Wintuiam D. HatFrieip 
AWARD 
Presented to 


By the Federation of Sewage Works 
Associations 


In recognition of his development 
of the outstanding sewage works 
operation report for the year 
19—, constituting a noteworthy 
contribution to the technic of sew- 
age works operation and manage- 
ment. 


Date 
(Seal) 


President Executive Secretary 
7. The award shall be presented. at the 
same time and in the same manner as 
are other awards and prizes of the Fed 
eration. 


It is the opinion of the committee that 
the above recommendations should provide 
adequately for the selection of the out- 
standing operation report of each year, in 
compliance with the original intent of the 
1941 Executive Committee in its reeom- 
mendation of this activity. In the event 
that this report is adopted by the Board of 
Control prior to November 1, 1945, it is 
believed that the first presentation of the 
Wituiam D. Hatrrerp Awarp ean be ac- 
complished in 1946. 

Respectfully submitted, 
H. E. Bassirt, Chairman 
W. F. SHEPHARD 
W. A. ALLEN 
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REPORT OF COMMITTEE ON AWARDS 
August 13, 1945 


Following the recommendation of the 
1944 Committee on Awards, the two papers 
on “Modified Sewage Aeration,” by Lloyd 
R. Setter, though published in 1943 and 
1944, have been considered as a unit for 
the Eddy Award. 

The recommendations of the 1945 Com- 
mittee on Awards are: 


1. That the Harrison Prescott Eddy 
Award be made to Dr. Lloyd R. Setter for 
his contributions to SewaGE Works Jour- 
NAL entitled, “Modified Sewage Aeration— 
Part I” [Vol. 15, No. 4, 629 (July, 1943) ] 
and Part II [Vol. 16, No. 2, 278 (March, 
1944) ]. 

2. That the George Bradley Gascoigne 
Award be made to John D. MeDonald for 
his contribution to SewaGE Works Jour- 
NAL entitled, “Sludge Disposal Experiences 
at Springfield, Mass.” [Vol. 16, No. 5, 872 
(Sept., 1944) ]. 

3. That the Charles Alvin Emerson 
Award be made to Harold W. Streeter with 
the following citation: 


“The Charles Alvin Emerson Award for 
1944 is presented to Harold Warner 
Streeter in recognition of his valuable re- 
searches in the fundamental principles of 
the natural purification of polluted 
streams; of his service to the Federation 
especially during its organization and dur- 
ing its formative period and of his con- 
tinuing loyalty to the well being of the Fed- 
eration.” 

4. The committee authorizes presenta- 
tion of the 1945 Kenneth Allen Award to 
the following, each of whom has been des- 
ignated by his Member Association as 
having earned this recognition: 


Joe Williamson, Jr. (Florida) 
Murray Alderson Wilson (Kansas) 
George S. Russell (Missouri) 
Frederick Holman Waring (Ohio) 
Howard Eugene Moses (Pennsylvania) 
Dario Travaini (Arizona) 
Respectfully submitted, 

Gai P. Epwarps, Chairman 

K. SHERMAN CHASE 

G. M. RipENouR 

Louis F. Warrick 


DR. RUDOLFS ELECTED TO HONORARY MEMBERSHIP 


Another of the Federation’s most loyal 
and staunch supporters was conferred with 
the grade of Honorary Member when the 
Board of Control, in session on October 17, 
1945, elected Dr. Willem Rudolfs to such 
rank. Dr. Rudolfs is the eighth person to 
achieve this distinction. The honorary 
membership classification is limited to a 
maximum of ten living members by the 
Federation by-laws. 

The resolution by which the New Jersey 
Sewage Works Association nominated Dr. 
Rudolfs for honorary membership refers 
briefly to his early and continuing activi- 
ties in behalf of the Federation: 


WuerEAS: Willem Rudolfs, Chief of 
Water and Sewage Research, New Jersey 
Agricultural Experiment Station, did in 
October, 1926, at. Buffalo, New York, pre- 
sent a paper before the American Public 
Health Association stating the need of a 
journal for sewage research papers; and 


WuerEAs: On April 16, 1928, he organ- 
ized a meeting at St. Louis, Mo., which was 
instrumental in obtaining a pledge from 
W. W. Buffum, Manager of the Chemical 
Foundation, to underwrite and manage the 
publication Sewace Works JOURNAL, 
which has been published continuously 
since October, 1928; and 

Wuaereas: In January of 1929 he was 
appointed and served as Chairman of an 
advisory committee to the Chemical Foun- 
dation on sewage research, advising in the 
distribution of funds for research; he was 
also the organizer and, for many years, 
Chairman of the New Jersey Conference 
Group; and 

Wuereas: Since the organization of the 
Federation in January, 1929, to the present 
date, he has taken an active part in Fed- 
eration affairs as a member of the Board 
of Control since its inception; serving 
since 1936 as Chairman of the Research 
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Committee in the preparation of annual 
summaries and comments on sewage treat- 
ment literature published throughout the 
world; and 

WuHerEAS: He has, for many vears, 
taken an active part in technical societies, 
encouraging the friendly exchange of ex 
periences in matters pertaining to sanita- 
tion; and, due to his vast scientific know]l- 
edge in sewage treatment, he has labored 
diligently to promote this knowledge; and 
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WHEREAS: He has been a consistent and 
valued contributor of articles dealing with 
research in the sanitation field; 

Now, THEREFORE, BE It ResoLvep: That 
the New Jersey Sewage Works Association 
hereby nominates Willem Rudolf for 
Honorary Membership in the Federation 
of Sewage Works Associations, and hereby 
presents this nomination for consideration 
by the Board of Control of the Federation 
at its next scheduled annual meeting. 


1945 MEMBERSHIP PRIZES TO CANADIAN AND ARIZONA 
ASSOCIATIONS 


At the close of the 1945 membership con- 
test, as conducted under the rules set forth 
in THis JouRNAL, 17, 2, 392 (March, 
1945), principal honors went to the Ca- 
nadian Institute on Sewage and Sanitation 
and to the Arizona Sewage and Water 
Works’ Association. The membership 
progress during the period of the contest 
of all Member Associations of the Federa- 
tion may be observed in the tabulation ac- 
companying the annual report of the Ex- 
ecutive Secretary-Editor, published else- 
where in this issue. 

In earning the right to assign the prize 
for greatest numerical increase in mem- 
bership during the year ended September 
30, 1945, the Canadian Institute set an en- 
viable mark in its recorded increase of 72 
members. This gain brought the total 
membership of the Institute to 223 and 
boosted its position in the Federation from 
sixth place to the fourth largest Member 
Association in size. The Executive Com- 
mittee of the Institute assigned the prize 
jointly to B. F. Lamson, Chairman of the 
Membership Committee, and to Dr. A. E. 
Berry, Secretary-Treasurer of the Insti- 
tute, both of which zealous workers were 
unwilling to accept the prize as a personal 
award. Such assignment was required 
under the rules of the contest, however, and 
Mr. Lamson and Dr. Berry have donated 
the $100 Series E Victory Bond to the In- 


stitute, with the recommendation that 
honorariums be distributed to the members 
of their respective office staffs who partici- 
pated in the membership campaign. 

By enlarging its roster from 10 to 24 
members during the contest, the Arizona 
Sewage and Water Works Association 
marked up an increase of 140 per cent, to 
win the privilege of assigning to one or 
more of its members the $100 Series E 
Victory Bond prize for the greatest per- 
centage inerease. The accomplishment 
was entirely creditable to the efforts of See- 
retary-Treasurer G. W. Marx and _ the 
Executive Committee of the Association 
promptly named Mr. Marx as the sole win- 
ner of the prize. The bond was formally 
awarded at the annual meeting of the asso- 
ciation on December 1, 1945, the presenta- 
tion being made by Federation Past Presi- 
dent A. M. Rawn. 

Several Member Associations are de- 
serving of honorable mention for their 
membership activity during the past year. 
Gratifying gains were made by the Texas 
Sewage Works Section, the Montana Sew- 
age Works Association, the Kansas Water 
and Sewage Works Association, the 
Georgia Water and Sewage Association, 
the Oklahoma Water and Sewerage Con- 
ference, and others. Only four Member 
Associations failed to increase their mem- 
bership during the year. 


RULES FOR 1946 MEMBERSHIP CONTEST 


One of the most important constitutional 
objectives of the Federation is “the corre- 
lation and strengthening of regional and 


state sewage works associations or confer- 
ences.” In partial fulfillment of this aim, 
the Board of Control has authorized a new 


—— 








———— 
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membership contest for the year ended 
September 30, 1946, rules for which are 
given herewith: 


1. All Member Associations of the Fed- 
eration as of September 30, 1945, shall be 
eligible to compete in the contest. Formal 
application for entry is not required. 

2. The term of the contest shall be from 
October 1, 1945, to September 30, 1946. 

3. Two prizes will be awarded, as fol- 

lows: 

(a) One $100 eash award to the 
Member Association recording the 
greatest percentage increase in mem- 
bership during the period of the con- 
test. 

(b) One $100 cash award to the 
Member Association recording the 
greatest numerical increase during the 
period of the contest. 


4. At the termination of the contest on 
September 30, 1946, the Executive Seere- 
tary of the Federation shall determine from 
his records the Member Associations hav- 
ing recorded the greatest numerieal and 
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percentage increases, and shall report his 
findings to the Board of Control at its next 
annual meeting. The Board of Control 
shall confirm the designation of the win- 
ning associations. 

5. In the determination of membership, 
only those Active and Corporate Members 
receiving the publications of the Federa- 
tion through the Member Association shall 
be eredited to that Member Association, 
i.e., dual members will be credited only to 
the association through which they receive 
the JOURNAL. 

6. In the event that one Member Asso- 
ciation shall record both the greatest per- 
centage increase and the greatest numerical 
inerease during the period of the contest, 
such association shall be eligible to receive 
only one of the prizes. The association 
recording the second greatest numerical in- 
crease during the contest shall be judged 
the winner of the other prize, in this ease. 

7. In the event of a tie for either of the 
prizes, the total amount of the award 
shall be equally divided among the win- 
ning associations. 











Reviews and Abstracts” 


. Conducted by 
GLADYS SwoPE 


Mellon Institute of Industrial Research, 
Pittsburgh 13, Pennsylvania 





Getting the Most Out of Sewage Works 
Data. By Wiiiam L. Havens Anp 
FRANK Woopsury JONES. Civil Engi- 
neering, 15, 399-401 (Sept., 1945). 
Accurate and complete sewage works 

data are necessary for the following pur- 

poses; to show past performance; to show 
current results as regards adequacy, econ- 
omy, and effectiveness of the treatment 
processes; and to determine the need for 
extensions and improvements, and to pro 
vide a basis of design for such extensions. 

It may be seen that all data collected 
must be accurate and reliable to be of value. 

Briefly, the following information should 

be collected and preserved; the number of 

persons served; the volume of sewage 
handled; chemical analyses of the sewage; 
quantities and analyses of screenings, grit, 
sludges, and other by-products; bacterial 
analyses; and complete cost data. Addi- 
tional data should include records as to 
wind, precipitation, atmospheric and sew 
age temperature, appearance and odor of 
sewage, changes in operating procedures, 
effect of sewage and gases on buildings 
and equipment, breakdowns, repairs and 
maintenance, causes of failures, and many 
apparently trivial matters which when 
grouped make possible an overall picture. 

Reliable records are dependent on several 
factors, the most important of which is the 
plant personnel, from the sampler to the 

plant head. Sampling is of utmost im- 

portance and conscientious effort on the 

part of the sampler is necessary if repre- 
sentative samples are to be _ obtained. 

Likewise, careful work is essential in the 

laboratory if reliable data are to be ob- 

tained. Meters and gages should be 
checked frequently and adjusted as nee- 
essary. 

T. L. Herrick 


Army Sewerage in Hawaii. By BELDEN 
S. Tucker. Civil Engineering, 15, 473 
475 (October, 1945). 

The Hawaiian Islands were annexed to 
the United States in 1898, and in 1900 they 
were organized as a territory. The impor 
tance of improving sanitary conditions, 
particularly in Honolulu, was not realized 
until 1878. Definite action on a water- 
carriage sewerage system was taken after 
the cholera epidemie of 1885. Work was 
started in 1889 and completed in 1911. 
The system comprised 58 miles of sewers 
with 2,600 service connections. In 1911 
parts of the system were overloaded and 
work was started on intercepting sewers. 

Before Pearl Harbor the sewerage sys 
tems at established Army posts were, in 
general, adequate. After the outbreak of 
war, however, established posts were ex- 
panded and new camps ranging up to 
15,000 men were constructed. There were 
numerous problems. Areas near the sea 
necessitated construction in ground water, 
and provision for protection of beaches 
against contamination. Inland areas are 
generally rugged and few streams are 
suitable for use as receiving bodies for 
sewage. 

At temporary camps pit latrines were 
used, with separate shower and washing 
facilities. The pits were made large enough 
for nine months’ continuous use, based ov 
one cu. ft. per capita per month. Where 
the ground water level was close to the 
surface or where rock excavation was en- 
countered, the vault type was provided, 
using water proof concrete construction. 
Agitators were provided for mixing the 
sludge. When the maximum sludge level 
was reached the contents were pumped out 
and buried. Treatment provided for other 


* It will be appreciated if Miss Swope is furnished all periodicals, bulletins, special reports, 


ete., which might be suitable for abstracting in 


THIS JOURNAL. Publications of public health 


departments, stream pollution control agencies, research organizations and educational insti- 


tutions are particularly desired. 
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wastes from the temporary camps was gen- 
erally primary settling and chlorination. 

Treatment provided at semi-permanent 
camps depended on local conditions and 
the degree of treatment required. Where 
possible, small camps were provided with 
septie tanks and cesspools or drilled wells 
for treatment and disposal. Other small 
camps were provided with complete treat- 
ment facilities, including septic tanks, 
filters, and chlorination. 

Since 1941, some 40 treatment plants 
have been constructed. They ranged in 
capacity from 300 to 20,000 men. Major 
plants employed combinations of Imhoff 
tanks, plain sedimentation tanks, septic 
tanks, low- and high-rate filters, lath filters, 
sand filters, contact filters, final sedimenta- 
tion tanks, chlorine contact tanks, sludge 
digestion tanks, and sludge beds. 

The high rate filters were designed for 
a B.O.D. loading of 2.0 lb. per cu. yd. of 
rock and a surface loading of 9.0 m.g.a.d. 
They were fed from the top, which simpli- 
fied the center bearing design of the dis- 
tributor. 

The following tabulation shows B.O.D. 
results at several of the representative 
plants. 








B.O.D.| Plants | Type 
Plant Description Reduc- in of 
tion Avg. | Camp 





Septic Tank, Contact 
Filter, Chlorination... .| 64% 4 (1) 
Imhoff Tank, Low-:ate 
Filter, Chlorination... .| 91% 3 (1) 
Septic Tank, Low-rate 
Filter, Chlorination... .| 86% 1 (1) 
Septic Tank, High-rate 
Filter, Chlorination... .| 75% 2 (1) 
Sedimentation Tank, 
Chlorination......... 76% 4 (2) 
Septic Tank, Int. Sand 
Filter, Chlorination... .| 96% 1 (1) 














(1) Semi-permanent camp. (2) Temporary 
camp. 


T. L. Herrick 


Post-War Application of Wartime Ex- 
perience in Sewage Disposal. By 
Humpurey D. Manning. The Surveyor, 
104, 379-382 (July 13, 1945). 


The design and operation of some 206 
sewage disposal works built since 1939 to 
serve various war-connected establishments 
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is commented upon. The size of plants 
ranges from those serving twenty to thirty 
people to those serving several thousands. 
The author’s figures and opinions are based 
upon analyses of design figures and obser- 
vations. 

Under the heading of “Design” sewage 
quantities and sewage characteristics, meth- 
ods of treatment, treatment plant sites, 
sedimentation and humus tanks, filters, 
sludge disposal, grease removal, chlorina- 
tion, and pumping plants are discussed. 

Sewage flows varied from 10 gal. per day 
per head in the case of camps where sullage 
only was to be treated, up to 50 gal. for 
hospitals. For workers’ hostels the figure 
assumed was usually 25 or 30 gal. The sew- 
erage was mostly “separate”: but allowance 
for maximum flow rates was four or five 
times the average. In practice the dry- 
weather flow usually averaged 30 to 40 gal. 
per capita per day. 

Sewage strengths greater than average 
were experienced, the B.O.D. ranging from 
500 to 700 p.p.m. 

Most plants comprised sedimentation 
tanks, filters, and humus tanks, with simple 
methods of sludge disposal. Standardized 
treatment units were prepared and exten- 
sively used. Double alternating filtration 
was successfully employed in one ease and 
activated sludge at another. Sand irriga- 
tion with tank effluent was used at a num- 
ber of camps. 

In general sites for treatment plants were 
selected by others rather than by the de- 
signing engineers. 

Both horizontal and upward flow tanks 
were used, the former providing 2.4 hours’ 
displacement and the latter 4 hours, both 
based on dry-weather flow. Sludge was 
removed by hydrostatic pressure. 

Septic tanks having capacities for 20 to 
30 hours’ dry-weather flow were provided 
for 250 persons or less. 

Filter depths were generally restricted 
to 4 ft. 6 in. medium depth. Filter dosage 
varied from 35 to 90 gal. per cu. yd., based 
on dry-weather flow. Figures of 90 and 
75 gal. per day per cu. yd., proposed by 
the Ministry of Health, where dry-weather 
flows of 30 to 20 gal. were expected, proved 
to be too optimistic. Clinkers was the most 
popular material used for filter media. 
Careless handling of the material during 
installation and medium smaller than 1144 
in. caused difficulties. 
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Humus tanks were rather generally in- 
adequate and were frequently supple- 
mented by surface irrigation over grassland 
at the rate of about 1,000 persons per acre. 

Sludge disposal in unheated lagoons was 
successful. A capacity of about 6 eu. ft. 
per head was provided. Final disposal by 
land trenching at the rate of 4 to 8 sq. yd. 
per head was practiced where the land was 
suitable and on drying beds at 1 sq. yd. for 
every 4 to 6 persons at other places. 

Traps on kitchen drains and scum re- 
moval devices on sedimentation tanks were 
used to remove grease, neither giving too 
good results. 

Chlorination of effluents up to 5 p.p.m. 
residuals was practiced where necessary to 
protect the water courses receiving ef- 
fluent. 

Submersible pumps in general caused 
trouble. Use was made of carefully de- 
signed tank sewers to supplement wet wall 
sapacities, provision being made to empty 
the sewer at each pump operation. 

To save lumber for farms, walls were 
poured between brick facings. Much use 
was made of mass concrete to avoid use of 
reinforcing steel. 

Shortage of experienced operating per- 
sonnel was experienced. The author sug- 
gests that a more comprehensive organiza- 
tion of visiting inspectors and mobile 
operating gangs would have been helpful 
and sees need for such in the post-war 
period, especially in rural areas. 

The author finds little good in the prac- 
tice of using standardized designs during 
the war and lists 9 practical limitations and 
objections to their use in the post-war 
period, among them variation in character- 
istics of towns, sewage characteristics, site 
and soil and ground water conditions, limi- 
tations on research and experimentation to 
develop new methods, and other similar ob- 
jections. Some standardization of items 
such as screens, weir blocks, seum-boards, 
valves, and fittings may be beneficial. One 
good which may come from the adoption 
of standardized designs utilized during the 
war may be the consideration of rural 
schemes on a comprehensive rather than a 
piece-meal basis. 

In conclusion the author states that few 
important new treatment processes have 
been developed; “austerity” methods, lim- 
ited supervision of construction and lack 
of skilled labor led to a good deal of see- 
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ond-rate work. The importance of skilled 
and regular supervision of plant operation 
was not recognized early enough. Stagna 
tion of design and real economy were lost 
sight of in chasing the will-o’-wisps of 
standardization and austerity construction 
K. V. Hm 


Sludge Treatment at Small Sewage Works. 
By L. B. Escrirr. The Surveyor, 104, 
547-548 (July 21, 1945). 


The methods of sludge digestion appli 
cable to larger works involve heating, 
mechanical stirring and closed tanks with 
arrangements for gas collection; but in 
small works simple digestion is practicable 
in open and unheated tanks provided ar 
rangements are made for seeding. 

Cold digestion tanks require a large stor 
age capacity. This can be secured most 
economically by reducing the number of 
tanks to a minimum, and forming exeava- 
tion in such a manner that it can be re- 
tained by comparatively light concrete 
walls. 

Tanks should not be too long as com 
pared to their breadth and the cross-section 
should approximate a_ semi-circle. <A 
simple arrangement is to provide a com 
paratively flat floor with sides sloping to 
about 45 degrees, above which are lightly 
constructed vertical walls of moderate 
height. The arrangement of inlets should 
be similar to that of sedimentation tanks 
but the outlets should be at the lowest part 
of the tanks farthest from the inlets. 

Mechanical stirrers are said merely to ro- 
tate the body of the sludge without mixing 
it. Mixing ean be secured by pumping 
from the outlet to the inlet. 

Two-stage digestion with means for seed- 
ing the raw sludge at the inlet to the first 
stage is preferable. Adequate capacities 
are, first stage 2 to 21% eu. ft. per head; 
second stage 1 to 114 eu. ft. per head. 

An effective method of seeding the raw 
sludge is to couple two pumps to one 
motor, one pump having 5 times the c¢a- 
pacity of the other. The larger pump 
handles raw sludge and the smaller draws 
sludge from the bottom of the digestion 
tanks. 


Means should be provided for drawing 


off water bands from the tanks, either 
through valves placed at different levels or 
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by adjustable decanting tubes. Superna- 
tant water is near the middle of the first 
stage digestor and at the top of the second 
stage digestor. Means for withdrawing 
the supernatant should be provided, espe- 
cially from first-stage tanks. 

Sludge beds should provide at least 1 
sq. yd. for 6 persons. Some means should 
he provided for decanting top water. 


K. V. Hi. 


Darlington Sewage Works and Farm. By 
W. Ontver. The Surveyor, 104, 567- 
568 (Sept. 28, 1945). 


Darlington has a population of 80,000. 
Sewerage is mainly on the combined plan. 
Sewage is discharged directly to a sewage 
farm located 2 miles south of the town. 

The original farm was opened in 1876, 
and it has been extended several times. <A 
portion of the land was let to a tenant 
farmer for raising crops and the remainder 
was used for treating sewage, the ecorpo- 
ration providing the labor for distributing 
the sewage on the land. This system oper- 
ated for 60 years until 1936, at which time 
because of the increased volume of sewage, 
all of the land suitable was taken over for 
sewage treatment and the agreement with 
the tenant farmer was terminated. 

Continuing increase in sewage flow made 
necessary the consideration of additional 
means of treatment. Experiments with 
activated sludge were carried on over a 
period of years but finally abandoned and 
a scheme was proposed to employ trickling 
filters. 

In 1941 a sewage treatment plant was 
constructed to treat part of the total sew- 
age flow. The works comprised coarse 
screws, detritus channels, fine screens, storm 
water tanks, sedimentation tanks, trickling 
filters, humus tanks and sludge drying beds. 

The storm water tanks are three in num- 
ber and have a capacity equal to 6 hours’ 
dry-weather flow. The tanks are in series 
and no overflow takes place until all are 
filled. 

The capacity of the sedimentation tanks 
is equal to 1014 hours’ dry-weather flow. 
They are desludged mechanically. 

Each of the twelve trickling filters is 110 
ft. in diameter and 5 ft. 6 in. deep. The 
media is slag, the bottom 2 feet being 3-in. 
to 4-in. grade, and the remainder 11% in. 
grade. Rotary distributors are used. 
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The humus have a total capacity equal to 
4 hours’ dry-weather flow. They are 3 ft. 
deep at the outlet end. 

The seven sludge beds have a total area 
of 2.4 acres. 

At first sludge was withdrawn from the 
sedimentation and humus tanks each day 
and pumped to the drying beds. This 
media was unsatisfactory and a sludge di- 
gestion tank was developed from the con- 
versation of an old storm water tank. The 
capacity of the tank when filled to a depth 
of 6 ft. provides 4 eubie feet per head of 
population served. Raw sludge is dis- 
charged at three points at one end of the 
tank and the digested sludge may be with- 
drawn at various levels along the side and 
opposite end. 

The sewage treatment plant handles up 
to 2,500,000 gal. per day. The remainder 
of the flow, 1,250,000 gal. per day, are 
handled at the sewage farm. 

Sewage applied to the land may pass 
through two settling tanks to remove the 
heavier solids or may pass directly to the 
land. The farm comprises 317 acres of 
which 234 acres are used for treating sew- 
age, the remainder being farmed. The 
quality of the soil varies greatly, 75 acres 
being loamy sand and gravel, and the re- 
mainder fairly heavy soil overlying clay. 
Broad irrigation is practical and the whole 
of the land is underdrained. The surface 
of the land requires constant plowing and 
subsoiling to keep the surface open and 
aerated and to control the growth of weeds. 


K. V. Hm 


Purification of Domestic Sewage by Di- 
gestion. By Karu Vieuv. Ges. Ing., 
65, 394-398 (1942). 

Laboratory experiments on the self-puri- 
fication of sewage showed that with com- 
plete exclusion of air and without seeding 
most of the colloidal substances were floc- 
culated during the first few days, but that 
the soluble organic content remained the 
same for several weeks. If air was al- 
lowed to enter and the sewage inocculated 
with ripe sludge, decomposition proceeded 
normally. Under these conditions, hydro- 
gen sulfide production was reduced. The 
digestion period is rather long, but opera- 
tion is reduced to a minimum. The B.O.D. 
reduction and H.S production with un- 
seeded and seeded sewage, seeding and com- 
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plete exclusion of air, and seeding and sur- 
face area exposed, is indicated by the 
following figures: 

















| ins 
'Days| B PM. |P > PM. 
Unseeded, closed bottle . . / 0 | 264 be 
| 30 |170 | 90 
Seeded, closed bottle......| 0 |268 | — 
30 | 60.5] 75 

Strictly anaerobic, seeded..| 0 | 224 
21 | 110 100 
Surface exposed, seeded...| 0 | 224 — 
21/25 | 9 





The degree of seeding was considered less 
important than air as indicated by the per- 
centage reduction of soluble organic ear- 
bon: 














| — en 
| Strictly Anaerobic | ara 
Time, 
Days | 
| Inocula- | Inocula- Inocula- 
Unseeded| _tion | tion | tion 
| Light | Heavy Light 
| | —_—_ 
5 | 48 | 43 | Sl 53 
10 | 46 43 55 67 
14-15 | 4 49 | 61 72 
20-21 a 


| 68 | 67 82 





Sewage left a few days under anaerobic 
conditions should not be placed on biolog- 
ical filters. 

W. Rupo.rs 


A Rational Examination of Stream Pollu- 
tion Abatement. By Ricuarp D. Hoax. 
Science, 101, 523 (May 25, 1945). 


Mr. Hoak’s article is written as he says, 
“in the familiar words of the layman” and 
of necessity, then, treats the problem of 
stream pollution abatement from a very 
general point of view. 

Stream Function. By 1942 about 87 
per cent of the population of the country 
living in communities of more than 100 
persons was connected to sewers. This de- 


velopment of public sewerage systems re- 
sulted in an inerease in the volume of 
domestic and industrial waste discharged 
to streams. 

With increased pollution the relative im- 
portance of different stream functions— 
public health, drainage, navigation, indus- 
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trial, recreation—arose. While the use of 
streams for public health purposes such as 
water supply is of prime importance, its 
ultimate use can only be determined by an 
impartial survey which takes into account 
all pertinent engineering and economic fac- 
tors and the effect of such use on the popu 
lation bordering the stream. Such a sur 
vey must also take cognizance of legal 
decisions which in general protect riparian 
owners against pollution by an industry. 
The courts may also take into account the 
principle of reasonableness in handing 
down a decision. By virtue of this prin- 
ciple they may consider it reasonable be- 
cause of long continued and uniform cus- 
tom for mill owners and manufacturers to 
discharge their wastes and refuse into a 
stream. However the courts do not as a 
rule allow a defendant to escape liability 
for pollution of a stream because his indus- 
try may be necessary to the economic wel- 
fare of a community or because the cost of 
waste treatment is an economic burden to 
the industry. These legal considerations 
must be kept in mind in planning waste 
disposal plants. 

Natural Purification in Streams. The 
capacity of a stream to purify itself must 
be considered. Two constituents of nat- 
ural wastes, important in self-purification 
of streams are alkalinity which consists 
principally of bicarbonates of calcium and 
magnesium, and dissolved oxygen. Alka- 
linity is effective in neutralizing such acid 
wastes as acid mine waters thus maintain- 
ing a proper reaction necessary to the life 
eycle of many beneficial flora and fauna of 
the stream. The presence of sufficient dis- 
solved oxygen permits the biological sta- 
bilization of organie pollutants without 
creating a nuisance. 

To preserve a proper oxygen balance in 
the stream, the organic pollution should not 
reduce the dissolved oxygen content below 
50 per cent saturation. This will permit 
the proper bacterial population which is 
necessary to biologie stabilization of or- 
ganic matter to thrive. If however pollu- 
tion is allowed to continue to a degree at 
which the dissolved oxygen is depleted, 
putrefaction will develop, the stream will 
become septic and higher animal life will 
disappear. 

Present Extent of Water Pollution. The 
effect of pollution by industries cannot be 
evaluated in simple terms for the country at 
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large because of the wide variations in quan- 
tity and kind of wastes not only from indus- 
try to industry but from day to day in the 
same industry. The most extensive study of 
industrial pollution and its effects was re- 
cently completed in the Ohio River valley. 
The Ohio river drainage basin, 204,000 sq. 
niles, has a population of 19,000,000. Of 
this population only 8.5 per cent is served 
hy sewers. Thirty-four per cent of the 
sewage so collected receives treatment be- 
fore discharge into the stream. The in- 
dustries in the basin produce sewage equiv- 
alent to a population of 10,000,000, 12.5 
per cent of which is treated in municipal 
plants. About one half of the 1604 plants 
in the basin are making some attempt to 
reduce the amount or concentration of the 
wastes discharged to the rivers. 

The discharge of acid wastes from active 
and abandoned coal mines is a major source 
of pollution. The daily discharge into the 
Ohio river alone amounts to 4,900 tons of 
100 per cent acid, about half flowing from 
abandoned mines and the other half from 
worked out sections of active mines. Seal- 
ing off of these mines resulted in a 25 per 
cent reduction of acid waste discharged 
but because of lack of maintenance many 
of the seals are losing their effectiveness. 

Waste pickling liquor is another source 
of acid waste accounting for 168 tons of 
free acid daily. The argument is advanced 
that acid wastes from mines and from steel 
pickling plants both retards the decompo- 
sition of organie matters and acts as a co- 
agulant to clarify the river water to an 
extent which prevents offensive odors and 
lifts a great deal of the burden from water 
treatment plants. The condition at Pitts- 
burgh is cited. However it is admitted 
that at times of drought, or during spring 
freshets the bacteriostatic effect of the acid 
wastes is largely destroyed and intestinal 
disorders occur in the communities below 
Pittsburgh which use the Ohio river as a 
source of water supply. 

The Problem of Waste Treatment. There 
are no standards for treatment of indus- 
trial wastes. The changes in volume and 
character of these wastes are so varied that 
each industry presents an individual prob- 
lem. Most industries have become alert to 
their waste problems and some have estab- 
lished research organizations to develop 
satisfactory waste treatment processes and, 
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if possible, recover for use some of the 
wastes. 

Very seldom does waste treatment be- 
come a profitable enterprise. As a rule 
it is an added expenditure and manufac- 
turers, particularly those in highly com- 
petitive fields, are loathe to add to their 
cost of production, as they must, if they 
are to prevent pollution of streams. Nor 
is it good economy to force such an indus- 
try to discontinue operations, thereby un- 
balancing the domestic economy of a com- 
munity, in order to preserve a stream for 
such dubious use as recreation. 

Public Attitude Toward Treatment. As 
soon as personnel becomes available for 
construction and operation of treatment 
plants, state sanitary engineers have indi- 
cated that they will adopt an aggressive 
policy toward pollution of surface waters 
by industrial wastes and will demand that 
such waste be cleaned up if it is at all 
economically feasible. Sportsmen and the 
general public also indicate a desire to 
eliminate stream pollution, even though in 
the case of the former they lose tract of the 
fact that other factors beside industrial 
wastes may be the cause of disappearance 
or change in the fauna and flora of a 
stream. 

The Future of Stream Pollution. It has 
been proposed that streams be divided into 
three classes according to superior overall 
function: 


1. Those streams which have been pre- 
served in their natural condition. These 
would serve as sources of water supply 
and for receational purposes. No pollu- 
tion would be permitted in them. 

2. Those streams which serve for dis- 
posal of sewage and industrial waste 
after treatment and for public water 
supply after purification. Treatment of 
wastes discharged into these streams 
would be adequate to preserve the nat- 
ural oxygen balance. They would pro- 
vide recreational facilities and wild life 
refuges. 

3. Streams now so heavily polluted 
that they are unsuited for public water 
supply. Into these streams wastes may 
be discharged after treatment adequate 
to prevent nuisance. 


Just as pollution of streams was increased 
over a period of years, over a like period 
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of years pollution will gradually be elimi- 
nated. It is hoped that this ean be brought 
about through the development of feasible 
methods for treatment of wastes and per- 
haps through the discovery of valuable by- 
products which may be derived from these 
wastes. Such discoveries would act as an 
economic stimulus to the treatment of in- 
dustrial wastes. 
EK. Herwitz 


Butyl Alcohol by Fermentation of Waste 
Sulfite Liquor. ANoN. Chemical and 
Metallurgical Engineering, 52, 101, No. 
6 (June, 1945). 


“Development of a process for the pro- 
duction of butyl aleohol by fermentation of 
waste sulfite liquor was announced in Seattle 
in mid-April by Dr. Bror L. Grondal, Uni- 
versity of Washington professor of for 
estry, and Major Henry W. Berger, re- 
search chemist and fermentologist. .. . 

“The discovery, a result of two years of 
research, may open vast new fields for the 
pulp industries which for lack of practical 
use for the: sulfite liquor, representing 
about 50 per cent of every log used to 
produce chemical pulp, have been forced 
to dispose of it as waste. Not only would 
the process provide a means of. utilizing 
almost 100 per cent of the wood, but it 
would eliminate the source of a long and 
bitter battle between the Northwest pulp 
interests and the fisheries, who charge that 
disearding such liquors into Puget Sound 
kills fish and oysters.” 

Waste sulfite liquor contains about 2 per 
cent fermentable sugar. From 100 lb. of 
this sugar 22-23 lb. of butyl aleohol may 
be obtained. The key to the fermentation 
process is to eliminate inhibiting materials 
and retain the growth elements necessary 
for normal development of the Weissman 
bacillus or Clostridium acetobutylicum. 
No molasses is needed in this process. The 
process also produces a 6,000 B.t.u. per lb. 
fuel. In addition the process would make 
available large quantities of yeast fodder 
for livestock. The yeast is described as 
chemically pure and suitable for baking. 

Pavut D. HANEY 
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Industrial Waste—An Important Factor 
in Process Planning. ANON. Chemical 
and Metallurgical Engineering, 52, 117- 
124, No. 8 (August, 1945). 


“Waste utilization has long been reeog- 
nized as an important factor in the eco- 
nomics of the process industries. Waste 
(disposal, on the other hand, has received 
far too little attention with the consequence 
that pollution effects of industrial waste 
have increased tremendously over the years. 

. Simultaneous action on the part of 
different legislative bodies for the abate- 


_ ment of stream pollution is a sure sign that 


the common practice of indiscriminately 
dumping untreated waste material into 
streams and waterways will eventually be 
curtailed.” 

Most government regulation of water 
pollution has been under authority of state 
laws. The major objective of most state 
legislation has been the protection of the 
public health but some laws inelude pro- 
tection of aquatic life, shellfish, industrial 
water supplies and_ recreational areas. 
Certain states are already refusing per- 
mission for new plants to start up unless 
waste treatment is provided. Until re- 
cently interstate stream pollution has been 
the most neglected field since individual 
state action proved ineffective. Interstate 
agreements have done much to improve 
this situation in some eases. 

Congressional interest in stream pollu- 
tion led to the appointment in 1934, of a 
committee to draft plans for legislative ac- 
tion. In 1938, HR-2711 was passed but 
was vetoed by the President on technical 
grounds. This bill provided for state-fed- 
eral cooperation and for federal assistance 
in the study and development of plans for 
pollution abatement and grants-in-aid for 
treatment works. At present three federal 
bills are pending. HR-592 is similar in 
principle to the 1938 bill but eliminates the 
cause for veto. HR-519 (companion Bill 
S-535) is sponsored by the Isaak Walton 
League and provides strict government au- 
thority for pollution control. Provision is 
made for the allowance of no new sources 
of pollution and definite time limits are set 
(which may be extended for cause) for 
abatement action on existing pollution. 
Enforcement consists of action by the U. S. 
attorney at the request of a national board 
only after state and interstate agencies 
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have tailed to correct the pollution. HR- 
587 (companion Bill S-330) is in effect a 
combination of the two others. This bill 
places administration under a division of 
water pollution control of the U. S. Pub- 
lie Health Service. It is almost certain 
that some kind of organized federal par- 
ticipation in anti-pollution work will be 
fortheoming. 

Many municipalities have built sewage 
treatment plants and many are planned. 
Undoubtedly the construction of municipal 
plants will foree industry to clean up its 
wastes for when public funds are spent to 
protect streams damage from any other 
source will be vigorously opposed. A new 
concept of the importance of this subject 
must be adopted by management. Waste 
disposal must be considered as an integral 
factor of industrial planning and must be 
accepted as a necessary plant process. The 
concept that utilization removes all ob- 
jectionable wastes is erroneous. Few in- 
dustries can expect to benefit directly from 
improving the quality of waste discharge 
from their plants. Industrial waste treat- 
ment ean not be expected to pay a net re- 
turn and must be regarded as a charge on 
the cost of production. 

Outstanding in the activity of industrial 
cooperation for pollution abatement is the 
National Council for Stream Improvement 
formed by the pulp, paper and paper board 
industry. The petroleum, iron and steel, 
textile, canning, meat packing, dairy and 
tanning industries have also been more or 
less active in this field. 

Industrial wastes may be classified as 
toxic, and inert. The effluent 
from single industrial plants may contain 
all three. Organic wastes (domestic sew- 
age falls in this class) originate from a 
number of industries including the dairy, 
beet and cane sugar, starch, brewery, meat 
packing, 


organie, 


Toxie wastes 
mainly of active chemical com- 
pounds such as acids, alkalis, phenol, eya- 
nide, ete., and are derived from metal, 
wool scouring, dye manufacturing, soap, 
coke, TNT, oil and other industries. Inert 
wastes consist of insoluble substances in 
high concentrations such as culm and silt 
from coal mines, lime sludge, sawdust, 
sludges, ete. 

Mechanical treatment of industrial 
wastes involves the use of many common 


ete., industries. 


consist 
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unit operations such as screening, sedimen- 
tation, filtration, and centrifuging. 

Separation. treatment may involve the 
use of flotation, evaporation, drying and 
incineration. 

Chemical methods of treatment have been 
found to be quite useful. These involve 
floceulation and precipitation, neutraliza- 
tion, and oxidation and reduction. 

Biological treatment may be applied to 
certain types of organic industrial wastes; 
e.g., milk wastes. This type of treatment 
may involve the use of methods similar to 
those used in municipal sewage treatment. 
Trickling filters may be employed for a 
wide variety of organic wastes. 

The job of designing the best, most eco- 
nomical treatment plant requires experi- 
ence and training in solving this kind of 
problem and there are certain fundamen- 
tal aspects of the problem which demand 
more than straight chemical engineering 
knowledge. Special knowledge of the 
sanitary engineer’s field is essential. 

Pau, D. HANEY 


Tartrates Recovered from Winery Wastes. 
By Zr’EN HALPERIN. Chemical and 
Metallurgical Engineering, 52, 116-119, 
No. 9 (September, 1945). 


The development of this process has e¢en- 
tered around the California wineries where 
tartrate chemicals are being recovered in 
substantial quantities. Steps in slop 
treatment for tartrate recovery involve dis- 
tillation to strip the wastes of alcohol, 
settling, pH adjustment with lime, precipi- 
tation of calcium tartrate with calcium 
chloride, and washing and drying of the 
precipitated tartrate. 

Approximately 2,670 lb. of caleium tar- 
trate may be recovered from 100,000 gal- 
lons of distilling material slop. This is 
worth approximately $700. 

Pau D. HANEy 


Stream Pollution in the Marimee River 
Basin. By Ropert W. Herper. Monthly 
Bulletin, Indiana State Board of Health, 
48, 91 No. 4 (April, 1945). 


Less than one third of this basin is 
within the State of Indiana. The Indiana 
portion is located in the northeast corner 
of the State and contains 22 cities and 
towns with populations of 300 or more. 
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Fort Wayne is the largest with a popula 
tion of 118,410 (1940). The total popu 
lation of the 22 cities and towns is 148,212. 
Seventy-three per cent of the population is 
served by municipal sewage treatment 
plants providing complete treatment. Mu- 
nicipal and industrial waste treatment at 
Decatur is the most urgent problem in the 
basin. Four canneries and five milk plants 
have waste treatment problems. Plans and 
specifications for municipal and industrial 
waste treatment should be prepared now 
so that treatment can be provided as soon 
as possible. 
Pavt D. HANEy 


Stream Pollution in the Whitewater River 
Basin. By Ropert W. Heiner. Monthly 
Bulletin Indiana State Board of Health, 
48, 134, No. 6 (June, 1945). 


Approximately 1,350 square miles of this 
basin lie in Indiana. There are 17 cities 
and towns with populations above 300 in 
the Indiana portion of the basin. Rich- 
mond is the largest with a 1940 population 
of 35,147. The total population of the 17 
cities is 62,193. Of this total, 44 per cent 
are served by municipal sewage treatment 
plants providing complete treatment. 

Gross stream pollution oceurs below two 
cities and large numbers of fish are killed 
by what is believed to be highly toxie in- 
dustrial wastes. 

A total population of 35,680 are served 
by surface water supplies. 

Plans and specifications should be pre- 
pared so that treatment facilities needed 
in this basin can be provided as soon as 
possible. 

Paut D. HANEY 


Stream Pollution in the Blue River Basin. 
By Ropert W. Herper. Monthly Bul- 
letin, Indiana State Board of Health, 
48, 169, No. 7 (July, 1945). 


The Blue River basin is the smallest of 
the fourteen into which the State of Indi- 
ana has been divided. It is adjacent to the 
Ohio River in the central-southern part of 
the State. The basin is rural in character. 
Salem with a population of 3,194 (1940) 
is the only city. The total urban popula- 
tion in the basin is 5,586. Two thousand 
or 36 per cent af the population are served 
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hy a municipal sewage treatment plant lo 
cated at Salem. At present there are no 
surface water supplies in this basin but 
Salem has plans for the development of 
such a supply. In the past stream pollu- 
tion has resulted from milk and cannery 
wastes. This situation has been improved 
by treating the milk wastes with the Salem 
municipal sewage and enlargement of the 
cannery waste lagoons. 
Pau D. Haney 


Cannery Waste Treatment. By Roperr 
W. Hemer. Monthly Bulletin, Indiana 
State Board of Health, 48, 182, No. 8 
(August, 1945). 


Approximately 17,000,000 cases ot 
canned goods are packed annually in Indi 
ana. There are a total of 235 canneries in 
the State and 68 of the 92 counties have 
at least one cannery. The various ean 
nery wastes are known to range from the 
equivalent in organic load to as high as 
ten times that of domestic sewage. Sea- 
sonal operation with the peak from Au- 
gust 15 to October 15 (period of low 
stream discharge) complicates the prob- 
lem of cannery waste disposal. As far as 
waste disposal is concerned canneries may 
be divided into two groups: (1) those 
which discharge their wastes into the sew- 
ers of a municipality, (2) those which must 
provide their own treatment or disposal 
facilities. 

Of importance in both groups is the prac- 
tice of preventing the discharge of culls, 
skins, paring's, juices, ete., into the stream 
of water borne wastes. Also of great im- 
portance is the screening of the wastes 
for the removal of coarse suspended solids. 
Sereening facilities should be located as 
near the cannery as possible so that the 
organic matter will have little time to go 
into solution. Mechanical sereens of the 
revolving and vibrating types equipped 
with 20- to 40-mesh wire cloth are satisfac- 
tory. The process of vacuum flotation may 
be used instead of screening. 

Standard methods of sewage treatment 
can successfully treat a combination of do- 
mestic sewage and cannery waste if the 
plant units are not overloaded. Munici- 
pal plants which are overloaded with can- 
nery wastes may find relief by the appli- 
eation of the following: 
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1. Additional pretreatment at the can- 
nery including screening or vacuum 
flotation plus one or a combination of 
the following: 

(a) Chemical precipitation. 

(b) Biological filtration. 

(c) Discharge to an impounding 
lagoon or reservoir to regulate 
the flow to the municipal treat- 
ment plant. 

(d) pH adjustment. 

(e) Disposal of part of the waste 
by lagooning or irrigation. 

2. Additional treatment at the municipal 
plant. An increase in the size of the 
various treatment units and/or one or 
a combination of the following: 


(a) Use of chemicals and mixing’ 
and coagulating equipment to 
increase the primary settling 
efficiency. 

(b) Preaeration. Plain aeration of 
the combined waste prior to 
either biologieal filtration or 
activated sludge. 

(¢) Reeireulation of the final ef- 
fluent. 

(d) Conversion of standard secon- 
dary treatment to multiple 
stage secondary treatment. For 
example the use of a roughing 
filter before the biological filter 
or activated sludge units. 

3. Combinations of (1) and (2). 


In considering separate treatment of the 
cannery wastes thought must be given to 
the location of the cannery, the amount of 
dilution afforded by the receiving stream, 
and the extent of operations (whether sea- 
sonal or vear around operation). 

The following methods of cannery waste 
treatment have been used throughout the 
country. (1) Chemical precipitation, (2) 
chemical precipitation followed by biolog- 
ical filtration, (3) absorption lagoons, (4) 
irrigation fields, (5) impounding lagoons 
(untreated), (6) impounding 
(sodium nitrate treated). 

The use of sodium nitrate has been help- 
ful in the operation of lagoons. In order 
to eliminate an odor nuisance in lagoons it 
is necessary to use enough sodium nitrate 
to satisfy 20 per cent of the initial bio- 
chemical oxygen demand. This amounts 
to approximately 200 pounds per 1,000 
cases of tomatoes, corn and peas packed. 


lagoons 
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There appears to be little chance of re- 
covery of valuable materials from the 
sereened liquid wastes at the present time. 
However, screenings and other solid wastes 
could yield large quantities of usable by- 
products. The average amount of waste 
for tomato canning is 25 per cent and the 
amounts for other vegetables range from 
12 to 86 per cent. 

Kight references. 


& 


PauL D. Haney 


Stream Pollution in the Muscatatuck River 
Basin. By Ropert W. Heiner. Monthly 
Bulletin Indiana State Board of Health. 
48, 187, No. 8 (August, 1945). 


The Museatatuek River basin is: located 
in the southeastern section of Indiana. 
There are eight cities and towns with pop- 
wations of 300 or more in this basin with 
a combined population of 9,308. Of this 
total 2,500 are served by a municipal plant 
providing complete treatment and 2,000 are 
served by a plant providing primary 
treatment only. 

Publie water supplies in this basin are 
subject to sewage pollution and during dry 
months stream flow is not sufficient to pre- 
vent water shortages for water supply and 
waste dilution. 

The Museatatuck River basin ranks fifth 
regarding the extent of sewage treatment 
in comparison with the thirteen other river 
basins into which the State has been di- 
vided. However, stream pollution result- 
ing from the discharge of a large volume 
of cannery waste is serious. A research 
program on cannery waste disposal has 
been proposed. 

Pavut D. Haney 


Operation of Connecticut’s Sewage Treat- 
ment Plants. By LeRoy W. Van 
KLEECK. Connecticut Health Bulletin, 
183-188 (July, 1945). 


This paper was written for the general 
publie and states the various objectives to 
be obtained by sewage treatment, and gives 
a brief description of the various methods 
of treatment. 

It is stated that approximately 70 per 
cent of the 1940 population of the state is 
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served by sewers and 75 per cent of this 
population is served by sewage treatment 
plants. 

T. L. Herrick 


The Corrosion of Concrete. I. The Isola- 
tion of a Species of Bacterium Associ- 
ated with the Corrosion of Concrete 
Exposed to Atmospheres Containing 
Hydrogen Sulfide. By C. D. Parxkerr. 
The Australian Journal of Expervmental 
Biology and Medical Science, 23, 81-90 
(1945). 


Internal corrosion and disintegration of 
concrete is associated with the production 
of hydrogen sulfide in the sewer. It oc- 
curs only above the water line. In the 
corrosion products 1-5 per cent of free 
sulfurie acid is found. Little evidence has 
been produced ‘as to the method of conver- 
sion of hydrogen sulfide to sulfate in the 


free acid. Some have advanced a non-bio- 


logical oxidation as an explanation. The 
work done by the Research Staff of the 
Sewerage Branch of the Melbourne and 


Metropolitan Board of Works, of which 
the present papers are a part, have led to 
the following conclusions: 1. The direct 
cause of corrosion is the production of sul- 
furie acid; and 2. while the conversion of 
H.S to free sulfur and the 
tween sulfuric acid and cement constituents 
can be explained on purely chemical 
grounds, it is difficult to explain non-bio- 
logical production of sulfuric acid from 
sulfur. This paper describes the isolation 
of a species of bacterium from the corro- 
sion products and its physiological and 
biochemical properties. 

The culture medium used for the isola- 
potassium dihydrogen 
chloride, 


reaction be- 


tion consisted of: 
phosphate, 3 
0.5 gm.; ecaleium chloride, 0.25 gm.; am- 
monium chloride, 0.2. gm.; precipitated 
sulfur, 10 gm.; and distilled water, 1,000 
ml. The pH of the medium was 4.5-5.0. 
Two weeks after inoculation of the above 
sterilized medium with corroded concrete, 
the liquid became turbid and developed 
acidity. Transfers were made into fresh 
culture media and finally plated on solid 
agar mineral culture medium used _ by 
Waksman for the isolation of Thiobacillus 
Colonies developed on this 
Single 


magnesium 


em. ; 


thiooxidans. 
agar were identical in appearance. 
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colony cultures were obtained from these 
plates which proved to be pure cultures. 
Five such cultures were obtained. The 
numbers of these organisms in different 
specimens of corroded concrete varied fron 
50,000 to 5,000,000 per gm. of corroded 
concrete. 

Morphologically, all five strains are simi 
lar. They are slender rods 1.5-2.0 » mi 
erons (uz) long by 0.5 » wide with straight 
square Thev are 
negative. Young cultures show a few mo 
tile forms but on older cultures no motility 
They are non-spore forming 


sides and ends. gran 


is observed. 
organisms. 

The organisms do not grow in nutrient 
broth. In the sulfur medium employed, 
the sulfur falls to the bottom some days 
after turbidity appears. The organisms 
utilize thiosulfate when it replaces the sul 
fur in the medium. All strains are aerobic 
and obligate autotrophic. They require 
carbon dioxide which eannot be replaced by 
carbonates or biecarbonates. In general, 
organic carbon as glucose, glycerol and lae- 
tate has little influence on low concentra- 
tions (50 p.p.m.) in some eases showing a 
slight stimulative effect and in others 
slightly inhibitive. Higher concentrations 
reduce acid formation, in some cases re- 
sulting in complete inhibition of growth. 
With all five strains growth oceurs with 
free sulfur and thiosulfate as a source of 
sulfur, while no growth oceurs when sul- 
fite, sodium sulfide or hydrogen sulfide is 
used as a source of sulfur. Strain A and 
K attack thiosulfate slowly and produce 
amounts of sulfur but little or no 
free acid. Strains B, C, and D attack 
thiosulfate rapidly, but whereas B and D 
produce little free acid and much free sul- 
fur, strain D produces a_ considerable 
amount of free acid and little free sulfur. 
The five strains are similar in that they can 
ammonia and nitrate nitrogen 
Peptone nitrogen results in 


small 


utilize 
equally well. 
a slight decrease in the rate of acid forma- 
tion and nitrite cannot be used by any 
strain. Nitrite is toxie as no acid forma- 
tion occurs even when ammonium nitrogen 
is present. A 50 p.p.m. concentration of 
nitrogen appears to be optimal for acid 
production. The rate of acid formation 
increases with the nitrogen concentration 
up to about 50 p.p.m. Above this concen- 
tration, there is a slight inhibition. The 
acid formed is directly proportional to the 
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phosphate content up to a concentration 
of 0.5 p.p.m. of phosphorus. Beyond this 
coneentration acid formation does not 
change. All strains develop turbidity and 
acidity most rapidly at a pH value of 4.0 
and ean grow and develop acidity at a pH 
value of 6.0, but not at pH 6.5 or higher. 
Cultures of strains B and D produced an 
acidity equal to 10 per cent sulfurie acid 
in 80 days and the organisms were still 
viable. The organisms have a_ tempera 
ture optimum of about 30° C. 

The five strains belong to the group of 
sulfur oxidizing bacteria and _ resemble 
Thiobacillus thiooxidans in that they are 
strietly autotrophic, they oxidize sulfur to 
sulfurie acid, they do not utilize H:S and 
develop only in acid media. They differ 
from Thiobacillus thiooridans morpholog- 
ically and in colony form in thiosulfate 
agar. They are definitely inhibited while 
Thiobacillus thiooxidans is stimulated by 
organie earbon compounds. They utilize 
nitrate as well as ammonium nitrogen while 
Thiobacillus thiooxidans ean only utilize 
ammonium nitrogen. They precipitate sul- 
fur from thiosulfate in some cases produe- 
ing little or no free acidity, while Thioba- 
cillus thiooxidans eonverts thiosulfate di- 
rectly to sulfuric acid. These strains are 
isolated from corroding concrete sewers, 
while Thiobacillus thiooxidans has been iso- 
lated from compost of soil, sulfur and rock 
sulfate. 

The name Thiobacillus concretivorus is 
proposed to this species and the five organ- 
isms isolated are considered as five sepa- 
rate strains belonging to one species. The 
activity of this species would explain the 
production of sulfuric acid in the corrosion 
process, provided free sulfur or some uti- 
lizable form of sulfur is first formed from 
the hydrogen sulfide. 

H. HeruKELEKIAN 


The Corrosion of Concrete. II. The Func- 
tion of Thiobacillus Concretivorus (Nov. 
Spec.) in the Corrosion of Concrete Ex- 
posed to Atmospheres Containing Hy- 
drogen Sulfide. By C. D. Parker. The 
Australian Journal of Experimental 
Biology and Medical Science, 23, 91-98 
(1945). 

The characteristics of internal corrosion 
of conerete are as follows: (1) It is asso- 
ciated with the presence of hydrogen sul- 
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fide in the sewer atmosphere; (2) it oceurs 
above the water line; (3) the result of cor- 
rosion is the conversion of conerete to a 
putty-like mass; (4) test specimens placed 
in the sewer show a definite lag in the de- 
velopment of corrosion. Concrete is highly 
alkaline (pH 11-12.5). On exposure to 
the atmosphere, the ealeium hydroxide on 
the exposed surface is completely con- 
verted to calcium carbonate. It is further 
converted to bicarbonate and at equilibrium, 
it would attain a pH of 8.4. As corrosion 
sets in and ealeium sulfate is formed as 
powdery white deposits, the pH value 
drops to 6-7. Finally when the surface 
assumes a putty-like consistency and free 
sulfurie acid is present, the pH value is 
frequently less than 2.0. The frequent iso- 
lation of Thiobacillus concretivorus in 
large numbers from corrosion products, 
and its ability to produce high concentra- 
tions of sulfuric acid, suggest that this 
organism may play an important part in 
the process. 

The carbon dioxide necessary for the 
growth of this organism is present in ample 
quantity as it grows on the surface of the 
concrete. The pH value is also suitable 
once the corrosion has progressed  suffi- 
ciently to produce acid. <A typical analy- 
sis of corroded eoncrete is given as fol- 
lows: 


Moisture......... 40 per cent 

Acidity (as H.SO,). 1.5 per cent in the moisture 

5 ae a eae 

Ammonium N..... 675 p.p.m. in the moisture 

Nitrate N........ 12.5 p.p.m. in the moisture 

i Og ae 52.6 p.p.m. in the moisture 

sts sane 36.7 per cent on dry solids 
basis 

CAO 3 aa ocr). 62.4 per cent on dry solids 
basis 

oe erie ath Severin .01 per cent on dry solids 
basis 


The ammonia nitrogen in the corrosion 
products comes from that emitted by the 
sewage as tests showed .2—.7 p.p.pm. of 
NH:-N in the sewer atmosphere. Thus the 
nutritional requirements of the organism 
are met and the environmental conditions 
are favorable for its development. The 
presence of free sulfur fits with the inabil- 
ity of the organism to utilize H.S and 
demonstrates the presence of a utilizable 
source of sulfur. 

The corrosion of concrete under pure 
culture conditions was attempted experi- 
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mentally. The culture medium was the 
one used for the isolation of Th. concreti- 
vorus. Sterile concrete blocks were placed 
in it. Sterile sulfur was added and the 
medium inoculated with a culture of Th. 
concretivorus. It was necessary to read- 
just the pH value of the medium to 5.0 for 
a few days because of the solution of lime 
from concrete. Incubation was continued 
for 3-4 months. At the end of this period 
considerable corrosion was evident on the 
conerete block below the surface of. the 
liquid. The sterile flask showed no signs 


of corrosion. The conditions in this ex- 


periment, however, were not identical with 
the sewer, so that experiment was repeated 
by replacing the sulfur with hydrogen sul 
fide. Through the inoculated cement flask 
an atmosphere of water vapor, H.S and 
ammonia were aspirated. The test atmos- 
phere aspirated through the flask contain 
ing the block contained 100 per cent hu 
midity, 1-2 p.p.m. of ammonia, 300 p.p.in 
H.S (higher concentrations than actually 
found in sewers were used to accelerate the 
corrosion). Precautions were taken to pre 
vent the contamination of the culture. 
Corrosion appeared on all inoculated 
blocks. After 6 weeks’ exposure the inocu 
lated specimens all showed whitening of 
the top surface which eventually spread 
down the sides of the block. Towards the 
end of the incubation period, 75 per cent 
of the hydrogen supplied was removed by 
the inoculated blocks. By the end of the 
experiment they displayed all the signs 
typical of the normal corrosion found in 
sewers. The whitened portions were soft 
Analyses of 


and could be scraped away. 
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the inoculated and uninoculated specimens 
of block showed that considerable amounts 
of sulfates had been formed on the in 
oculated blocks. Under sterile conditions 
only small amounts of sulfates were 
formed. Thus, it was concluded that while 
rapid sulfate formation 
could take place through the activity ot 
Th. concretivorus, very sma’! amounts of 


corrosion and 


sulfates can be formed by non-biologica 
means. Free sulfur was formed on_ bot! 
sterile and inoculated blocks. It appears 
that this sulfur is present as an intermedi 
ate compound formed non-biologically and 
that corrosion can only develop where the 
sulfur is converted to sulfate by the actiy 
itv of this organism. The pH of inocu 
lated blocks was lower than that of the 
sterile ones. Since Th. concretivorus has 
been shown to be unable to use H.S, it ap 
pears that free sulfur or poly-sulfides are 
formed as intermediate products by chem 
ical action between H:S and the cement 
compounds, and the organism utilizes these 
intermediate products for its oxidative ac 
tivity. Another difficulty in the theory is 
the pH of conerete which attains stability 
at 8.4 and the inability of this organism to 
grow at such pH values. The author sug 
gests the following explanations: (1) A 
preliminary stage in which carbonate-bi 
carbonate-CO. equilibrium — is 
and the pH falls from 8.4 to 6 and 7, and 
(2) a final stage in which active prolifera 


destroyed 


tion and acid formation by this organism 
takes place. It is suggested that other 
species of sulfur bacteria are responsible 
for the preliminary stage of the process. 
H. HevuKELEKIAN 
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